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PDS Standar ds Reference Change L og

Version Section Change
31 11 PDS Data Policy added
2.3 Reference coordinate standard expanded to support body-

fixed rotating, body-fixed non-rotating, and inertial
coordinate systems.

2.4 Ring coordinate standard added.

3.0 List of internal representations of datatypes moved to
Appendix C

3.2 EBCDIC_CHARACTER added to PDS Standard data types

5.2.3 Minimal label option described

6.3 Data set collection naming -- data processing level component
made optional

6.4 Data set naming -- added support for SPICE and Engineering,

where no instrument component applies

10.0,ALL PDS use of UNIX/POSIX forward slash separator for path
names. VM Sstyle bracket notation replaced.

10.2.1 Required file names for catal og objects included

125.4.2 PDS use of double quotes clarified

13.2 Use of Primitive objects described

14 New chapter -- Pointer Usage

17 New chapter -- PDS Usage of N/A, UNK, and NULL

19 Logica Volume organization added

Appendix A Primitive Objects added

Appendix A Header object -- required and optional keyword lists changed

Container object -- Column no longer arequried sub-object
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Chapter 1. Introduction

In order for planetary science data to be useful to those not directly involved in its creation, sup-
porting information must be made available with the data to allow effective use and
interpretation. The exchange of datais increasingly important in planetary science; thus thereis a
need for establishment and enforcement of standards regarding the quality and compl eteness of
data. Electronic communication has become more sophisticated, and the use of new media (such
as CD-ROMs and DVD) for data storage and transfer requires additional formatting standards to
ensure long-term readability and usability. To these ends, the Planetary Data System (PDS) has
developed a data set nomenclature consistent across discipline boundaries, as well as standards
for labeling data files.

1.1 PDSDataPolicy

Only data that comply with PDS standards will be published in volumes labeled “ Conforms to
PDS Standards’. When the PDS assists in the preparation of data published in a non-compliant
format, PDS participation should be acknowledged with the statement such as “funded by PDS’.
The PDS Management Council makes decisions on compliance waivers. Non-compliant data
sets will be incorporated into the PDS archives only under unusual circumstances.

1.2 Purpose

This document is intended as a reference manual for use in conjunction with the PDS Data
Preparation Workbook and the Planetary Science Data Dictionary. The PDS Data Preparation
Workbook describes the end-to-end process for submitting data to the PDS and gives instructions
for preparing data sets. In addition, a glossary of terms used throughout the documentation is
included as an appendix to the Workbook. The Planetary Science Data Dictionary (PSDD)
contains definitions of the standard data element names and objects. This Standards Reference
defines al PDS standards for data preparation.

1.3 Scope

The information included here congtitutes Version 3.4 of the Planetary Data System data
preparation standards for producing archive quality data sets.
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14 Audience

This document is intended primarily to serve the community of scientists and engineers
responsible for preparing planetary science data sets for submission to the PDS. These include
restored data from the era prior to PDS, mission data from active and future planetary missions,
and data from earth-based sites. The audience includes personnel at PDS discipline and data
nodes, mission principal investigators, and ground data system engineers.

15 Document Organization

The first chapter of this document, “Chapter 1 — Introduction”, provides introductory material
and citations of other reference documents. The remaining chapters provide an encyclopedia of
data preparation standards, organized aphabetically by standard title.

1.6 Othe Reference Documents

The following references are cited in this document:

Batson, R. M., (1987) “Digital Cartography of the Planets: its Status and Future”, Photo-
grammetric Engineering & Remote Sensing 53, 1211-1218.

Davies, M.E., et al. (1991) “Report of the IAU/IAG/COSPAR Working Group on Carto-
graphic Coordinates and Rotational Elements of the Planets and Satellites. 1991”,
Celestial Mechanics, 53,377-397.

- Gredey, R. and Batson, R.M. (1990) Planetary Mapping, Cambridge University Press,
Cambridge, 296p.

- Guide on Data Entity Naming Conventions, NBS Specia Publication 500-149.

Planetary Science Data Dictionary, JPL D-7116 Rev D, July 15, 1996, (Available from
the PDS).

Planetary Data System Data Preparation Workbook Version 3.1, JPL D-7669 Part 1, Feb-
ruary 17, 1995, (Available from the PDS)

Issues and Recommendations Associated with Distributed Computation and Data
Management Systems for the Space Sciences, National Academy Press, Washington, DC,
111p.

International Standards Organization (1SO) References:

ISO 9660:1988 “Information Processing - Volume and File Structure of CD-ROM for
Information Exchange”, April 15, 1988.
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SO 646:1991 ASCII character set.
ISO 8601:1988 “Data Element and Interchange Formats — Representations of Dates and
Times’

SFDU and PVL References:

- Sandard Formatted Data Units - Sructure and Construction Rules, CCSDS 620.0-R-
1.1c, May 1992.

Sandard Formatted Data Units - A Tutorial; CCSDS 620.0-G-1, May 1992.
Parameter Value Language Specification (ccsd0006); CCSD 641.0-R-0.2, June 1991.
Parameter Value Language -- A Tutorial; CCSDS 641.0-G-1.0, May 1992.

1.7 Online Document Availability

The Planetary Science Data Dictionary, Planetary Data System Data Prepar ation Workbook,
and this document, the Planetary Data System Standar ds Reference, are available online.
Information on accessing these references may be found on the PDS website at the following
URL:

http://pds.jpl.nasa.gov

To obtain a copy of these documents or for questions concerning these documents, contact the
PDS Operator (at PDS_OPERATOR@jpl.nasa.gov, 626-744-5579) or a PDS data engineer.

The examples provided throughout the chapters and appendices are based on both existing and
planned PDS archive products, modified to reflect the current version of the PDS Standards.
Data object definitions are refined and augmented from time to time, as user community needs
arise, so object definitions from products designed under older versions of the Standards may
differ significantly. To check the current state of any object definition, consult a PDS data
engineer or this URL:

http://pdsproto.jpl.nasa.gov/ddcolstdval/newdd/top.cfm

Additional examples may be obtained by contacting a Data Engineer.
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iX Change Log

Appendix B Streamlined Catalog Object Templates with examples replace
3.0 set
Appendix C New appendix containing internal representations of data

types (moved from Chapter 3)

Appendix D Outline and example for AAREADME.TXT added

Appendix E Version 3.0 Acronyms and Abbreviations modified and
moved to this Appendix. Spelling and Word Usage section
deleted.

Index The document now features an index.

ALL No other substantive changes have been made to the

standards since the release of Version 3.0. Throughout the
document, clarifications have been made, typos corrected,
some sections have been rearranged, and new examples have

been supplied.
Version Section Change
32 Release Date: 7/24/95
51.2 Label format discussion added

Noted that valuesin labels should be upper case (except
descriptions). Fixed examplesin Appendix A.

5.2.3, Appendix A Noted that for data products using minimal labels,
DATA_OBJECT_TYPE = FILE in the Data Set Catalog
Template

6 Added target IDs for DUST and SKY

Added instrument component values SEDR and POS
Noted that Data Set and Data Set Collection IDs and Names
should be upper case. Fixed examples.

8and 19 Listed CALIB and GEOMETRY as recommended directory
names (as opposed to required).

8.2 SOFTWARE Subdirectory naming recommendation added

9.1 Volumes may contain nultiple versions of VOLINFO
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9.21

101

10.2

10.2.3and 5.1

1111

1112

11.1.3

1412

15

151

153

155

17.2

18

Increased maximum line length in text file to 78 characters
plus CR/LF

Clarified file name spcification. Noted that file name must be
upper case and that full stop character required

Added recommendation that file extension identify the data
type of afile.

Added .QUB asreserved file extension for spectral image
qubes.

Added SPICE file extensions to reserved file extension list.
catalog pointer name and file name: SWINV.CAT

Added LABINFO.TXT to list of required xxxINFO.TXT files.
Added recommended xxx INFO.TXT file names for
SOFTWARE subdirectories.

added note that detached label file (*.LBL) should have the
same base name as the associated data file

Added PDS Extended Attribute Record (XAR) policy

Added recommendation that CDs be premastered using single-
session, single-track format.

Added section on Packaging Software files on a CD-ROM
Added new example of structure pointer

Added recommendation that for VAX/VM Scompatible CDs,
fixed length and variable length files be an even number of
bytes. Removed reference to VMS restriction to an even

number of bytesin section 15.2

Removed discussion of use of BLOCK_BYTES and
BLOCKING_TY PE (since this data element not in PSDD)

Added notation that CR/LF isrequired line terminator for
PDS label and catalog files

Reworded first sentence.

Allow definition of numeric constants representing N/A,
UNK, and NULL to be defined for usein an INDEX table.

replaced reference to PDS V1.0 with ageneral statement
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19 Added SOFTWARE subdirectory recommendations

19 Recommend that an archive volume be based on asingle
version of the PDS standards. V olume organi zation guidelines
added.

19.2 Clarified requirementsfor files & directorieswhen logical

volumes used

19.3 INDEX table standard update

19.3 use of axx- and bxx- prefixesin required file names
clarified

19.4, Appendix A fixed examples--Volume and V olume set names capitalized

1951 Volume set ID formation rule modified.

Appendix A updated COLUMN, BIT_COLUMN, and HISTOGRAM
objects required and optional keyword lists to be consistent
with Table 3.1

Appendix A Added ALIAS and INDEX_TABLE objects

Appendix A Added examples of COLUMN objects having ITEMs

Appendix A Clarified use of ROW_SUFFIX_BYTESand

ROW_PREFIX_BYTESfor SPARE fieldsin Tableswith
fixed length records

Appendix A Clarified the requirements for VOLUME objects for Logical
volumes

Appendix A Fixed examples using HEADER object to conform to current
standard. Modified description of Header object to eliminate
confusion..

Appendix B Inventory, Software_Inventory and Target templates added

Appendix B Removed incorrect example of use of Personnel template

Appendix D INDXINFO.TXT and SOFTINFO.TXT outlines and
examples added

Appendix D.1 Modified example of AAREADME.TXT toincluderules on

how pointer statements are resolved.
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Appendix E and F Added Appendix E - NAIF Toolkit Directory Structure.
Acronyms and Abbreviations moved to Appendix F.

ALL corrected typos, clarified text, added rationale for some
standards, updated examples to conform to | atest standards

ChangeLog Version 3.1 change log updated--some items were missing
Version Section Change
33 Release Date: 6/1/99

1.0 Added DVD as new medium

1.3 Changed Versionto 3.3

16 Updated/corrected references

17 Added reference to PDS web page

20 Added definition for IAU

Clarified text

2.3 Corrected punctuation

2.7 Fixed punctuation for references

34 Corrected punctuation

3.7 Corrected spelling and punctuation

4.0 Added Section headers for Primary & Secondary Objects

4.1 Corrected paragraph formatting

5.1.2 Added paragraph about ASCII character set

Added paragraph about Label Padding
Fixed math in calculating start byte of 8th record
Aligned keyword/values

5.2.2 Corrected grammar
5.2.3 Removed "' "in the Data Set catal og templ ate.
531 Changed Versionto 3.3
5.3.2 Modified last paragraph
5.3.3 Listed examples of primary and secondary objects
53.3.2 Changed ' bottom’ to ’following’
5.34 Removed AMMOS as an example
5.34.1 Removed SPACECRAFT_NAME asvalid keyword
5343 Removed SPACECRAFT_NAME asvalid keyword.
535 Changed PDS has devel oped and continues to develop...
Added example for apointer (*"DESCRIPTION)
5.3.6 Aligned keyword/values
Clarified statement
5.3.7 Changed: needed for conformance
6.0 Prioritized organizations that PDS works with
6.1 Provided definition for Data Set Collection and removed

MGN example.
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Corrected spelling (considerations) and punctuation

6.2 Added acronyms for data set name and identifier
6.3 Changed paragraph from future tense to past tense
6.4 Section 5 - comets

Section 6 - added acronymsto list
Section 6 - corrected spelling (ephemeris)
Section 7 - corrected spelling (gravity)
Section 8 - clarified version number rules

7.0 Updated paragraph
7.1 Clarified statements about date/time formats
7.21 Added PDS preference for convention
7.3.1 Corrected grammar
Reformatted paragraph
7.3.2 Corrected grammar
Updated paragraphs
8.1 Corrected grammar (standards directory)

Added EXTRAS directory

Added Browse and Data directory descriptions
8.2 Section 4 - Better examples of directory names

Section 5 - Reformatted paragraph

Section 8 - Corrected spelling and grammar

8.3 Changed to valid keywords

84 Corrected grammar (data are)

9.0-9.33 Complete rewrite of Documentation Standard
Added HTML standards

10.0- 10.1 Added SO 9660 Level 2 description
Added ";1" to Level 1 description

10.2.1 Clarified required file names paragraphs
Added TARGET_CATALOG pointer to list

10.2.2 VOLDESC.SFD file becomes deprecated

10.2.3 Described detached label
Corrected grammar (its)

10.2.4 Added extensions and changed SPICE extensions
Corrected spelling (postscript) and grammar (data that have)

1111 Changed chapter name

12.1 Aligned equal signs

12111 Added reference

12.2 Reformatted paragraph

12.3 Spelling

1231 Corrected punctuation (1.234E2)

12.31.2 Corrected value (16#+4B#)
Reformatted paragraph

12.3.1.3 Corrected value (1.234E3)

1232 Updated paragraphs

12321 Clarified date format

12.3.2.3 Clarified paragraph
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12324
12325
12.3.251
12331
12.34
12.35
124
124.1
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Corrected paragraph to reflect proper file name
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Changed values to be keyword (CHECKSUM)
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Corrected grammar (data are)
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Corrected grammar (meta-data which are)
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Repaired example
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C5h Corrected spelling (exponent-as-stored)
C.10 Corrected spelling (imaginary)
Appendix E Corrected sentence (source code for)

Corrected spelling (spacit)
Corrected grammar (These data are)
Corrected punctuation

Appendix F Corrected CD-WO nomenclature
Added DE (Data Engineer)
Corrected spelling (Principal)

Appendix G Added SAVED Data as new section
Version Section Change
3.4 Release Date: 06/15/2001

Technical editing of the entire document (Chapters 1-20, Appendices A -G) was performed by Anne Raugh under
contract to JPL. This editing focused on correcting awkward language, making examples consistent with the text,
clarifying apparent internal inconsistencies, and in general ensuring a more readable document. Substantive changes
to the standards themselves were specifically prohibited. Document changes made by Raugh were reviewed by Lyle
Huber (ATMOS) and Ron Joyner (CN). Cases in which the intention of the original document could not be
determined by the above team were referred to Steve Hughes (CN), who acted as both historian and final arbiter.

On May 04, 2001, Ann Raugh, Richard Simpson, Lyle Huber, Steve Hughes, and Ron Joyner met at New Mexico
State University to discuss and arbitrate the final set of changes to be incorporated into this document.

Version Section Change

35 Release Date: 10/15/2002
194.1 Changed length of VOLUME_ID from 9 charsto 11 chars
195.1 Changed formation rule for VOLUME_SET_ID
B.1.6 Modified to include ARCHIVE_STATUS keyword
B.7.1 Modified to include ARCHIVE_STATUS keyword

Modified to include DATA_SET_TERSE_DESC keyword

B.31 Amended Reference section to include more definitive

language on what is appropriate to cite, what is not, and how
to cite each type of reference.

Version Section Change

3.6 Release Date: 08/01/2003
3.1 Modified to include FIELD data element
3.2 Modified to include FIELD data element

3.8 Modified to include SPREADSHEET object
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A.25
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Xviii
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Added Review and Use of Locally Defined Data Elements
Modified 1% two paragraphsto clarify GMT/UTC relationship
Added Note for Greenwich time

Modified list to include CSV as reserved file extension
Modified use of Colon in assignment statements (namespace)
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Renumbered from B.7.5.3
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Chapter 2. Cartographic Standards

The following cartographic data standards were developed through an iterative process involving
both the NASA Planetary Cartography Working Group (PCWG) and the PDS. Members of the
PCWG & so serve on the key International Astronomical Union (IAU) committee that formulates
these standards for international adoption. It is the intention of the PDS to keep its own
cartographic standards in line with those of the PCWG, and in turn the IAU.

The cartographic standards used in any particular data set should be identified and, where
helpful, documented on the archive volume.

2.1 Inertial Reference Frame, Time Tagsand Units

The Earth Mean Equator and Equinox of Julian Date 2451545.0 (referred to as the J2000 system)
isthe standard inertial reference frame. The Earth Mean Equator and Equinox of Besselian 1950
(JD 2433282.5) is also supported because of the wealth of previous mission data referenced to
this system. (The transformation between the two systemsis well defined.)

The standard format for time tags is UTC in year, month, day, hour, minute and decimal seconds,
although Julian dates are aso supported.

The standard units are SI metric units, including decimal degrees.

2.2 Spin Axesand Prime Meridians

The IAU-defined spin axes and prime meridians defined relative to the J2000 inertial reference
system are the standard for planets, satellites and asteroids where these parameters are defined.
For other planetary bodies, definitions of spin axis and prime meridian determined in the future
should have the body- fixed axis aligned with the principal moment of inertia, with the North
Pole defined as lying along the spin axis and above the Invariable Plane. Where insufficient
observations exist for a particular body to determine the principal moment of inertia, coordinates
of a surface feature will be specified and these used to define the prime meridian. Note that some
small, irregular bodies may have chaotic rotations and will thus need to be handled on a case-by-
case basis.

2.3 Reference Coordinates

There are three basic types of coordinate systems. body-fixed rotating; body-fixed nonrotating;
and inertial. A body-fixed coordinate system is one associated with the body (e.g., a planet or
satellite). The body-fixed system is centered on the body and rotates with the body (unlessitisa
non-rotating type), whereas an inertial coordinate system is fixed at some point in space.

To support the descriptions of these various reference coordinate systems, the PDS has defined
the following set of data elements (See the Planetary Science Data Dictionary for complete
definitions.):
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COORDINATE_SYSTEM_TYPE
COORDINATE_SYSTEM_NAME
LATITUDE

LONGITUDE
EASTERNMOST_LONGITUDE
WESTERNMOST_LONGITUDE
MINIMUM_LATITUDE
MAXIMUM_LATITUDE
POSITIVE_LONGITUDE_DIRECTION

Currently, the PDS has specifically defined two types of body-fixed rotating coordinate systems:
planetocentric and planetographic. However, the set of related data elements are modeled such
that definitions for other body- fixed rotating coordinate systems, body-fixed nonrotating and
inertial coordinate systems can be added as the need arises. Contact a PDS data engineer for
assistance in defining a specific coordinate system.

The definition of planetographic longitude is dependent upon the rotation direction of the body,
with longitude defined as increasing in the direction opposite to the rotation. That is to say, the
longitude increases to the west if the rotation is prograde (or eastward) and vice versa. Table 2.1
lists the rotation direction (prograde or retrograde) of the primary planetary bodies and the
Earth’s Moon. It also indicates the valid longitude range for each body. In order to
accommodate different traditions in measuring longitude, the Planetary Science Data Dictionary
defines a broad longitude range: (-180, 360). Table 2.1 indicates which part of that range is
applicable to which body.

Table2.1: Primary Bodiesand Earth’s Moon: Rotation Direction and Longitude Range

Planet Rotation Direction L ongitude Range
Earth Prograde (O, 360)
(-180, 180)*
Mars Prograde (O, 360)
Mercury Prograde (O, 360)
Moon Prograde (O, 360)
(-180, 180)*
Jupiter Prograde (O, 360)
Neptune Prograde (O, 360)
Pluto Retrograde (O, 360)
Saturn Prograde (O, 360)
Sun Prograde (O, 360)
(-180, 180)*
Uranus Retrograde (O, 360)
Venus Retrograde (O, 360)

* The rotations of the Earth, Moon and Sun are prograde, however it has been traditional to
measure longitudes for these bodies as increasing to the east instead of the west. The PDS
recommends that the planetographic longitude standard be followed, but also supports the
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traditional method. Specifically, the longitude range of (-180, 180) is supported for the Earth,
Moon and Sun

2.3.1 Body-Fixed Rotating Coordinate Systems

2311 Planetocentric

The planetocentric system has an origin at the center of mass of the body. Planetocentric latitude
is the angle between the equatorial plane and a vector connecting the point of interest and the
origin of the coordinate system. Latitudes are defined as positive in the northern hemisphere of
the body, where north isin the direction of Earth’s angular momentum vector, i.e., pointing
toward the hemisphere north of the solar system invariant plane. Longitudes increase toward the
east, making the planetocentric system right-handed.

2312 Planetographic

The planetographic system has an origin at the center of mass of the body. The planetographic
latitude is the angle between the equatorial plane and a vector through the point of interest,
where the vector is normal to a biaxial elipsoid reference surface. Planetographic longitude is
defined as increasing with time to an observer fixed in space above the object of interest. Thus,
for prograde rotators (rotating counter clockwise as seen from afixed observer located in the
hemisphere to the north of the solar system invariant plane), planetographic longitude increases
toward the west. For aretrograde rotator, planetographic longitude increases toward the east.

24 Rings

Locations in planetary ring systems are specified in polar coordinates by a radius distance
(measured from the center of the planet) and alongitude. Longitudes increase in the direction of
orbital motion, so the ring pole points in the direction of right-handed rotation. Note that this
corresponds to the | AU-defined North Pole for Jupiter, Saturn and Neptune, but the South Pole
for Uranus.

Longitudes are given relative to the ascending node of the ring plane on the Earth’s mean equator
of J2000. However, the Earth’s mean equator of B1950 is also supported as a reference longitude
because of the wealth of data already reduced using this coordinate frame. The differenceis
generaly asmall, constant offset to the longitude. All longitude values fall between 0 and 360
degrees.

Note that ring coordinates are adways given in an inertial frame, asit is impossible to define a
suitable rotating coordinate frame for a ring system where features rotate at different rates. When
it is necessary to specify the location of a moving body or feature, the rotation rate and epoch
must be specified in addition to the longitude.

To support the description of locations in a planetary ring system, the PDS has defined the
following elements:
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RING RADIUS
MINIMUM_RING_RADIUS
MAXIMUM_RING_RADIUS

RING_LONGITUDE
MINIMUM_RING_LONGITUDE
MAXIMUM_RING_LONGITUDE

B1950 RING_LONGITUDE
MINIMUM_B1950 RING_LONGITUDE
MAXIMUM_B1950_RING_LONGITUDE

RING_EVENT_TIME
RING_EVENT_START TIME
RING_EVENT_STOP_TIME

RADIAL_RESOLUTION
MINIMUM_RADIAL_RESOLUTION
MAXIMUM_RADIAL_RESOLUTION

The radius and longitude elements define an inertial location in the rings, and the ring event time
elements define the time at the ring plane to which an observation refers. If desired, the radial
resolution elements can be used to specify the radial dimensions of ring features that can be
resolved in the data. See the Planetary Science Data Dictionary (PSDD) for complete definitions
of these elements.

In general, the above elements refer to locations in an equatorial ring. However, under certain
circumstances it is necessary to define these values for an inclined ring, in which case the
interpretations are dightly more complicated. Here longitudes are measured as a “broken angle”
along the planet’ s equatoria plane to the ascending node of the ring plane, and thence along the
ring plane. In these circumstances, it is also necessary to define the orbital elements of thering in
question via the following elements in the PSDD:

RING_INCLINATION
RING_ASCENDING_NODE_LONGITUDE
NODAL_REGRESSION_RATE
POLE_RIGHT_ASCENSION
POLE_DECLINATION
COORDINATE_SYSTEM_ID

The ascending node longitude refers to the moment defined by the RING_EVENT_TIME. The
ring inclination is given relative to the planet’s equator, as specified by the spin pol€e s right
ascension and declination. The COORDINATE_SYSTEM _ID can be either “J2000” or
“B1950", with “J2000” serving as the default. See the PSDD for further details.
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25 Reference Surface

Two standard reference surface models are supported: the digital terrain model (DTM) and the
digital image model (DIM). Note, however, that Mars is an exception for which planetographic
latitude is used.

Thedigital terrain model defines body radius as a function of cartographic latitude and longitude
in asinusoidal equal-area projection. Spheroids, ellipsoids and harmonic expansions giving
analytic expressions for radius as a function of cartographic coordinates are all supported.

The digital image model (DIM) defines body brightness in a specified spectral band or bands as a
function of cartographic latitude and longitude in a sinusoidal equal-area projection, and
associated with the surface radius values in the corresponding DTM. DIMs registered to
spheroids, elipsoids and harmonic expansions are supported.

26 Map Resolution

The suggested spatial resolution for amap is 1/2" degrees. The suggested vertical resolution is 1
x 10™ meters, with m and n chosen to preserve all the resolution inherent in the data.

2.7 References
The following references provide more detail on the cartographic data standards:
Davies, M. E., et a (1991) “Report of the IAU/IAG/COSPAR Working Group on Cartographic

Coordinates and Rotational Elements of the Planets and Satellites: 1991, Celestial Mechanics,
53, 377-397.

Batson, R.M., (1987) “Digital Cartography of the Planets: New Methods, its Status and Future”,
Photogrammetric Engineering & Remote Sensing, 53, 1211-1218.

Greeley, R. and Batson, R.M. (1990) Planetary Mapping, Cambridge University Press,
Cambridge, 296p.



2-6

body coordinates
prime meridians, 2-1
Spin axes, 2-1
map resolution, 2-5
reference coordinates, 2-1
body-fixed, 2-2, 2-3
data elements, 2-2
plaretocentric, 2-2, 2-3
planetographic, 2-2, 2-3
ring systems, 2-3
ring systems, data elements, 2-4
reference frames
B1950, 2-1
standard inertial (J2000), 2-1
reference surface models, 2-5
digital image model (DIM), 2-5
digital terrain model (DTM), 2-5
rotation direction
of Solar System bodies, 2-2
time tags
format, 2-1

Chapter 2. Cartographic Standards



Chapter 3. DATA_TYPE Values and Data File Storage Formats 31

Chapter 3. DATA_TYPE Vaduesand DataFile
Storage Formats

Each PDS archived product is described using label objects that provide information about the
data types of stored values. The data elements DATA_TYPE, BIT_DATA_TYPE, and
SAMPLE_TY PE appear together with related elements defining starting location and length for
each field. In PDS data object definitions the byte, bit, and record positions are counted from left
to right, or first to last encountered, and always begin with 1.

Data files may be in ASCII or binary format. ASCII format is often more easily transferred
between hardware systems or even application programs on the same computer.
Notwithstanding, numeric data are often stored in binary files when the ASCII representation
would require substantially more storage space. (For example, each 8-bit signed pixel vauein a
binary image file would require a four-byte field if stored as an ASCII table.)

3.1 DataElements

Table 3.1 identifies by object the data elements providing type, location, and length information.
TheelementsITEMS and ITEM_BY TES are used to subdivide asingle COLUMN, FIELD,
BIT_COLUMN, or HISTOGRAM into aregular vector containing as many elements as
specified for the value of ITEMS. In these objects the DATA_TY PE must indicate the type of a
single item in the vector. In the past, the data element ITEM_TY PE was used for this purpose,
but DATA_TYPE is now the preferred parameter.

3.2 DataTypes

Table 3.2 identifies the valid values for the DATA_TYPE, BIT DATA_TYPE, and
SAMPLE_TY PE data elements used in PDS data object definitions. The values for these
elements must be one of the standard values listed in the Planetary Science Data Dictionary
(PSDD). Please note:

In al cases, these standard values refer to the physical storage format of the datain
the data file.

In some cases, obsolete values from previous versions of the PDS Standards have
been retained as aliases for more specific values (the type “INTEGER”, for example,
isinterpreted as “MSB_INTEGER” when it is encountered). In these cases the more
specific value should always be used in new data sets — the obsolete value is retained
only for backward compatibility. Obsolete values are indicated in the table.

Aliases have been supplied for some of the generic data typesthat indicate the kind of
system on which the data originated. For example, “MAC_REAL” isan dias for
“IEEE_REAL”, but “VAX_REAL” has no dias, asthe VAX binary storage format is
unique to VAX systems. In general, the more generic term is preferred, but the
system-specific version may be used if needed.
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Table 3.1: Type Elements Used in Data L abel Objects

Data Object

COLUMN
(without ITEMS)

COLUMN
(with ITEMS)

BIT_COLUMN
(without ITEMS)

BIT_COLUMN
(with ITEMS)

FIELD
(no items)

FIELD
(with items)

IMAGE

HISTOGRAM

Data Elements

DATA_TYPE
START_BYTE
BYTES

DATA_TYPE
START_BYTE
BYTES (optional)
ITEMS
ITEM_BYTES

BIT_DATA_TYPE
START BIT
BITS

START_BIT
BITS (optional)
ITEMS
ITEM_BITS

DATA_TYPE
FIELD_NUMBER
BYTES

DATA_TYPE
FIELD_NUMBER
BYTES

ITEMS
ITEM_BYTES

SAMPLE_TYPE
SAMPLE_BITS

DATA_TYPE
BYTES (optional)
ITEMS
ITEM_BYTES

Notes

dliasfor ITEM_TYPE

total bytesin COLUMN

bytesin each ITEM

total bitsin BIT_COLUMN

bitsin each ITEM

if populated

maximum FIELD bytes
if populated

maximum bytesin FIELD

maximum item bytes

aliasfor ITEM_TYPE

total bytesin HISTOGRAM
number of binsin HISTOGRAM
bytesin each ITEM



Chapter 3. DATA_TYPE Values and Data File Storage Formats 33

Table 3.2: Standard PDS Data Types

Data Element Usage Codes:

D = DATA_TYPE
B = BIT_DATA_TYPE
S = SAMPLE_TYPE
Usage Value Description
D ASCIl_REAL ASCII character string representing areal number; see
Section 5.4 for formatting rules
D ASCII_INTEGER ASCII character string representing an integer; see
Section 5.4 for formatting rules
D ASCII_COMPLEX ASCII character string representing a complex number;
see Section 5.4 for formatting rules
Obsolete BIT_STRING diasfor MSB_BIT_STRING
D,B BOOLEAN True/False Indicator: a 1-, 2- or 4-byte integer or 1-32 bit
number. All 0 = False; anything else = True.
D CHARACTER ASCI|I character string; see Section 5.4 for formatting
rules
Obsolete COMPLEX aliasfor IEEE_COMPLEX
D DATE ASCII character string representing adatein PDS
standard format; see Section 5.4 for formatting rules
D EBCDIC_CHARACTER EBCDIC character string
Obsolete FLOAT aliasfor IEEE_REAL
D IBM_COMPLEX IBM 360/370 mainframe complex number (8- or 16-
byte)
D, S IBM_INTEGER IBM 360/370 mainframe 1-, 2-, and 4-byte signed
integers
D,S IBM_REAL IBM 360/370 mainframe real number (4- or 8-byte)
D,B,S IBM_UNSIGNED_INTEGER IBM 360/370 mainframe 1-, 2-, and 4-byte unsigned
integers
D IEEE_COMPLEX 8-, 16-, and 20-byte complex numbers
D,S |IEEE_REAL 4-, 8- and 10-byte real numbers
Obsolete INTEGER aliasfor MSB_INTEGER
D LSB_BIT_STRING 1-, 2-, and 4-byte bit strings
D,S LSB_INTEGER 1-, 2-, and 4-byte signed integers
D,B, S LSB_UNSIGNED_INTEGER 1-, 2-, and 4-byte unsigned integers
D MAC_COMPLEX aliasfor IEEE_COMPLEX
D, S MAC_INTEGER aliasfor MSB_INTEGER
D,S MAC_REAL diasfor IEEE_REAL
D,B,S MAC_UNSIGNED_INTEGER aliasfor MSB_UNSIGNED_INTEGER
D MSB_BIT_STRING 1-, 2-, and 4-byte bit strings
D,S MSB_INTEGER 1-, 2-, and 4-byte signed integers
D,B,S MSB_UNSIGNED_INTEGER 1-, 2-, and 4-byte unsigned integers
D,B N/A Used only for spare (or unused) fields included in the

datafile.
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D,S
D,S
D,B,S
Obsolete
D

D,S

D, S
D,B,S
D

Obsolete
D
D

A
n

O
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PC_COMPLEX
PC_INTEGER

PC_REAL
PC_UNSIGNED_INTEGER
REAL

SUN_COMPLEX
SUN_INTEGER

SUN_REAL
SUN_UNSIGNED_INTEGER
TIME

UNSIGNED_INTEGER
VAX_BIT_STRING
VAX_COMPLEX

VAX_DOUBLE
VAX_INTEGER
VAX_REAL

VAX_UNSIGNED_INTEGER
VAXG_COMPLEX
VAXG_REAL

3.3 Binary Integers

There are two widely used formats for integer representations in 16-bit and 32-bit binary fields:
most significant byte first (MSB) and least significant byte first (L SB) architectures. The MSB
architectures include IBM mainframes, many UNIX systems such as SUN, and Macintosh
compuers. The LSB architectures include VAX systems and IBM PCs. In the origina PDS
system the default format was M SB, thus the designation of “INTEGER” and
“UNSIGNED_INTEGER” as diases of “MSB_INTEGER” and “MSB_UNSIGNED _IN-
TEGER”. New data sets should be prepared using the appropriate specific designation from

Table 3.2, above.

34 Signed vs. Unsigned Integers

The“ INTEGER” data types refer to signed, 2's complement integers. Use the corresponding
“ UNSIGNED_INTEGER” type for unsigned integer and bit string fields.

8-, 16-, and 20-byte complex numbersin IBM/PC format
aliasfor LSB_INTEGER

4-, 8-, and 10-byte real numbersin IBM/PC format
diasfor LSB_UNSIGNED_INTEGER

diasfor IEEE_REAL

diasfor IEEE_COMPLEX

aliasfor MSB_INTEGER

aliasfor IEEE_REAL

aliasfor MSB_UNSIGNED_INTEGER

ASCII character string representing a date/timein PDS
standard format; see Section 5.4 for formatting rules

aiasfor MSB_UNSIGNED_INTEGER
diasfor LSB_BIT_STRING

Vax F-, D-, and H-type (8-, 16- and 32-byte,
respectively) complex numbers

dliasfor VAX_REAL
aliasfor LSB_INTEGER

Vax F-, D-, and H-type (4-, 8- and 16-byte, respectively)
real numbers

diasfor LSB_UNSIGNED_INTEGER
Vax G-type (16-byte) complex numbers
Vax G-type (8-byte) rea numbers
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3.5 Floating Point Formats

The PDS default representation for floating point numbers is the ANSI/IEEE standard. This
representation is defined as the IEEE_REAL data type, with aliases identified in Table 3.2.
Severa additional specific floating-point representations supported by PDS are described in
Appendix C.

3.6 Bit String Data

The BIT_STRING data types are used in definitions of table columns holding individual bit field
values. A BIT_COLUMN object defines each bit field. BIT_STRING data types can be 1-, 2-, or
4-byte fields, much like a binary integer. Extraction of specific bit fields within a 2- or 4-byte
BIT_STRING is dependent on the host architecture (MSB or LSB). In interpreting bit fields
(BIT_COLUMNS) withinaBIT_STRING, any necessary conversions such as byte swapping
from LSB to MSB are done first, then bit field values (START_BIT, BITS) are used to extract
the appropriate bits. This procedure ensures that bit fields are not fragmented due to differences
in hardware architectures.

3.7 Character Data

Soecification of character field format in ASCII and binary files pending.

3.8 Format Specifications
Data format specifications provided in the FORMAT element serve two purposes:

1. Inan ASCII TABLE datafile or SPREADSHEET file, they provide aformat which
can be used in scanning the ASCII record for individual fields; and

2. Inabinary datafile, they provide aformat that can be used to display the
data values.

A subset of the FORTRAN data format specifiersis used for the values of FORMAT elements.
Valid specifiers include:

Aw Character data value
Iw Integer value
Fw.d Floating point value, displayed in decimal format

Ew.dE€] Floating point value, displayed in exponential format
Where:

w isthe total number of positions in the output field (including sign, decimal point, and
exponentiation character — usualy “E” — if any);

d isthe number of positionsto the right of the decimal point;

e isthe number of positionsin exponent length field.
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3.9 Internal Representations of Data Types
Appendix C contains the detailed internal representations of the PDS standard data types listed in
Table 3.2.

The PDS has developed tools designed to use the specifications contained in Appendix C for
interpreting data values for display and validation.
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aliases
for data types, 3-1
binary data
bit string format, 3-6
integer formats, 3-5
bit field representation, 3-6
BIT_COLUMNS, 3-6
BIT_ DATA_TYPE
standard values, 3-1
BIT_STRING, 3-6
datatype
data elements, 3-1
data types
table of data elements, 3-2
table of standard values, 3-4
DATA_TYPE
standard values, 3-1
floating point, 3-6
floating point representation, 3-6
format specifications, 3-6
for ASCII datafiles, 3-6
for binary datafiles, 3-6
integer representations
least significant byte first (LSB), 3-5
most significant byte first (MSB), 3-5
signed vs. unsigned, 3-5
ITEM_BYTES, 3-1
ITEM_TY PE (obsolete), 3-1
ITEMS, 3-1
LSB integers. See integer representations
MSB integers. See integer representations
Planetary Science Data Dictionary (PSDD), 3-1
SAMPLE_TYPE
standard values, 3-1
storage formats
binary integers, 3-5
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Chapter 4. Data Objects and Products

At its simplest, adata product consists of a PDS label and the data object that it describes. More
complex data products may contain several mutually dependent data objects, a primary object
and one or more secondary objects, or both. In all cases, asingle label is used to describe all
parts of the product (even if they are held in separate physical files). A single PRODUCT _ID
value is defined for the entire set in that PDS label.

A data product is one component of a data set (seethe Data Set/Data Set Collection Contents
and Naming chapter of this document).

Primary Data Object
A primary data object is a set of results from a scientific observation. Primary data objects are
usually described using one of these PDS object structures:

TABLE
SPREADSHEET
IMAGE

SERIES
SPECTRUM

Secondary Data Object

A secondary data object is any data used for processing or interpreting the primary data object(s),
for example, a histogram derived from an image. Secondary data objects are usually described
using one of these PDS object structures.

HISTOGRAM
PALETTE
HEADER

The PDS data product |abel, written in Object Description Language (ODL) (see the Object
Description Language (ODL) Specification and Usage chapter of this document), defines both
the physical and logical structure of the constituent data object(s).



4-2 Chapter 4. Data Products

4.1 DataProduct File Configurations

The PDS label and data object may be in the same file or separate files. For data products with
more than one object, the data objects may be in one or more files. In all cases, however, there
must be exactly one PDS label containing exactly one PRODUCT _ID value. The PRODUCT _ID
value must be unique within the data set containing this data product.

Example

Consider a data product that consists of a 3-color image in which each color plane is stored in a separate physical
file (that is, one file each for red, blue and green). Since all three colors are required to get the full image, this
product contains three mutually dependent primary objects.

The label for this data product will contain a single PRODUCT _ID, three pointers to the separate data files, and
three IMAGE object definitions. To aid in distinguishing between data files, the data preparer may also choose to
include an IMAGE_ID keyword in each IMAGE object definition. The resulting PDS label would ®ntain the
following lines:

PRODUCT | D = "22A190"
ARED_| MAGE = "22A190R. | MG'
AGREEN_| MAGE = "22A190G. | MG'
ABLUE_| MAGE = "22A190B. | MG'
OBJECT = RED | MAGE

| MAGE_| D = "22A190- RED"
END_OBJECT = RED | MAGE
OBJECT = GREEN_| MAGE

| MAGE_| D = "22A190- GREEN"
END_OBJECT = GREEN_| MAGE
OBJECT = BLUE_I MAGE

| MAGE_I D = "22A190- BLUE"
END_OBJECT = BLUE_I MAGE

Figure 4.1 illustrates file configurations for a data product with a single data object.
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@ Attached Label
file A

PRODUCT_ID=A FDS Label
Primary Data Object

@ Detached Label
file A
PRODUCT ID= A PDS Label

file B

Primary Data Object

Figure 4.1 Data Product with a Single Data Object

Figure 4.2 shows the possible file configurations for a single data product consisting of one
primary and one secondary data object. Similar examples could be made using data products
composed of more than two data objects.

4-3
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file A

Attached Label PDS Lakel
PRODUCT_ID= A Primary Data Object

Secondary Data Object

file A
Attached Label POS Label
PRODUCT_ID=A Primary Data Object

file B )

PDE Label
PRODUCT_ID=B Secondary Data Object
file &
Detached Label
PDS Label

PRODUCT_ID=A
file B )
Primary Data Object

Secondary Data Object

—

vvvvv ——

file A

Detached Label
FRODUCT_ID=A PDS Label
file B

Primary Data Object
file C

PDsS Label

PRODUCT_ID=E

file D
Secondary Data Object

Combined Detached Label file A
PRODUCT ID=A PDS Label
file B

Primary Data Object

file C
Secondary Data Object

Figure 4-2. Data Product with Multiple Data Objects



Chapter 4. Data Products

data product

and PRODUCT _ID, 4-1

definition, 4-1

file configurations, 4-2

label example, 4-2

primary data object, 4-1

secondary data object, 4-1
HEADER object

secondary data object, 4-1
HISTOGRAM object

secondary data object, 4-1
IMAGE object

primary data object, 4-1
PALETTE object

secondary data object, 4-1
primary data object

IMAGE object, 4-1

SERIES object, 4-1

SPECTRUM object, 4-1

SPREADSHEET object, 4-1

TABLE object, 4-1
PRODUCT _1D, 4-1
secondary data object

HEADER object, 4-1

HISTOGRAM object, 4-1

PALETTE object, 4-1
SERIES object

primary data object, 4-1
SPECTRUM object

primary data object, 4-1
SPREADSHEET object

primary data object, 4-1
TABLE object

primary data object, 4-1

4-5
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Chapter 5. Data Product Labels

PDS data product labels are required for describing the contents and format of each individual
data product within a data set. PDS data product labels are written in the Object Description
Language (ODL). The PDS has chosen to label the wide variety of data products under archival
preparation by implementing a standard set of data object definitions, group definitions, data
elements, and standard values for the elements. These data object definitions, data elements, and
standard values are defined in the Planetary Science Data Dictionary (PSDD). Appendix A of
this document provides general descriptions and examples of the use of these data object
definitions and data el ements for labeling data products.

5.1 Format of PDSLabels

511 Labeing methods

In order to identify and describe the organization, content, and format of each data product, PDS
requires a distinct data product label for each individual data product file. These distinct product
labels may be constructed in one of three ways:

Attached - The PDS data product label is attached at the beginning of the data product file. There
isone label attached to each data product file.

Detached - The PDS data product label is detached from the data and resides in a separate file
which contains a pointer to the data product file. There is one detached label file for every data
product file. The label file should have the same base name as its associated data file, but the
extension .LBL .

Combined Detached - A single PDS detached data product label file is used to describe the
contents of more than one data product file. The combined detached label contains pointers to
individual data products.

NOTE: Although all three labeling methods are equally acceptable, the PDS tools do not
currently support the Combined Detached label option.

Figure 5.1 illustrates the use of each of these methods for labeling individual data product files.
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File A
PDS
LABEL
Attached Label
DATA
File A
PDS Detached Label
LABEL
\ File B
DATA
File A
PDS LABEL File B
\ Combined
DATA Detached Label
File C
DATA

Figure5.1 Attached, Detached, and Combined Detached PDS Labels
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5.1.2 Labd format

PDS recommends that |abels have stream record format, and line lengths of at most 80 characters
(including the CR/LF line terminators) so that the entire label can be seen on a computer screen
without horizontal scrolling. The carriage return and line feed (CR/LF) pair is the required line
terminator for all PDS labels. (See the Record Formats chapter of this document.)

All valuesin a PDS label should be in upper case, except values for descriptive elements
(DESCRIPTION, NOTE, etc.). It is also recommended that the equal signsin the labels be
aligned for ease of reading.

ASCII| Character Set

All valuesin a PDS label must conform to the standard 7-bit ASCII character set. Labels may
include characters in the range of ASCII characters 32 through 127 (decimal), and the record
delimiters Line Feed (10 decimal) and Carriage Return (13 decimal).

The remaining 7-bit ASCII characters (1-9, 11, 12, and 14-31 decimal, which includes the
horizontal and vertical tab and form feed characters) are not permitted in PDS labels. Note that
the 8-bit characters 128 through 255 (decimal) are not used in the PDS as the interpretation of
these characters varies by operating system, computer platform, and font selected. Specifically,
extended-set characters with diacritical marks are not to be used as they are interpreted
differently by different applications.

Label Padding
When afixed length data file has an attached label, the label is padded with space characters
(ASCII 32 decimal) in one of the following ways.

1) Spaces are added after the label’s END <CR><LF> statement and before the data so that the
total of the label (in bytes) is an integral multiple of the record length of the data. In this case,
LABEL _RECORDS s caculated by dividing the total padded length of the label section, in
bytes, by the stated value of RECORD_BYTES.

Example

In the example below, thelabel portion of thefileis 7 x 324 = 2268 bytes in length, including blank fill between the
END<CR><LF> statement and the first byte of data. The actual data portion of the file starts at record 8 (i.e., the 1st
byte of the 8th record starts at byte (7 x 324)+1 = 2269)

RECORD_TYPE = FlI XED_LENGTH<CR><LF>
RECORD_BYTES = 324<CR><LF>

FI LE_RECORDS = 334<CR><LF>
LABEL_RECORDS = 7<CR><LF>

N MAGE = 8<CR><LF>
END<CR><LF>

....blank fill....

dat a
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2) Each line in the label may be padded with space characters so that each line in the label has
the same record length as the datafile. In this case, the label line length may exceed the
recommended 80 characters; LABEL_RECORDS is the number of physical records in the label
section of the file.

Example

In the example below, the label portion of the fileis 80 x 85 = 6800 bytesin length. Each line in the label portion of
thefileis 85 byteslong, the same length as each data record. Notice the blank space between the actual valuesin the
label and the line delimiters. In the example, the label is 80 lineslong (i.e., 80 records long) and the data begin at
record 81. Note that the label is padded so that <CR><LF> arein bytes 84 and 85.

RECORD_TYPE = FI XED_LENGTH <CR><LF>
RECORD_BYTES = 85 <CR><LF>
FI LE_RECORDS = 300 <CR><LF>
LABEL_RECORDS = 80 <CR><LF>
ATABLE = 81 <CR><LF>
END <CR><LF>
Dat a

5.2 DataProduct Label Content

521 Attached and Detached Labels

PDS data product labels have a general structure that is used for all attached and detached labels,
except for data products described by minimal labels. (Minimal labels are described in Section
5.2.3)

LABEL STANDARDS identifier

FILE CHARACTERISTIC data e ements
DATA OBJECT pointers
IDENTIFICATION data elements
DESCRIPTIVE data elements

DATA OBJECT DEFINITIONS

END statement

Figure 5.2 provides an example of how this general structure appears in an attached or detached
label for a data product file containing multiple data objects.
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PDS LABEL

PDS_WVERSION _ID

/*FILE_CHARACTERISTICS */
RECORD_TYPE
RECORD_BYTES
FILE_RECORDS
LABEL_RECORDS

"POINTERS TO DATA OBJECTS
MMAGE
MHISTOGRAM

*
T

MIDENTIFICATION DATA ELEMENTS */
DATA_SET_ID
PRODUCT_ID
SPACECRAFT_NAME
INSTRUMENT_NAME
TARGET_NAME
START_TIME
STOP_TIME

omwomnommnn

PRODUCT_CREATION_TIME =

/"DESCRIPTIVE DATA ELEMENTS */
FILTER_NAME =
OFFSET_MODE_ID =

/*DATA OBJECT DEFINITIONS */

OBJECT = IMAGE
END_OBJECT - IMAGE
OBJECT - HISTOGRAM
END_OBJECT — HISTOGRAM
EMD

55

= LABEL STANDARDS
IDENTIFIERS

e FILE CHARACTERISTICS
DATA ELEMENTS

« DATA OBJECT POINTERS
(primary, secondary)

= IDENTIFICATION DATA
ELEMENTS

* DESCRIPTIVE DATA
ELEMENTS

* DATA OBJECT
DEFINITIONS
(primary, secondary)

» END STATEMENT

Figure5.2 PDS Attached / Detached Label Structure
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5.2.2 Combined Detached L abds

For the Combined Detached |abel option, the general label structure is modified dightly to
reference each individual file within its own FILE object explicitly. In addition, identification
and descriptive data e ements that apply to al of the files can be located before the FILE objects.

LABEL STANDARDS identifiers
IDENTIFICATION data elements that apply to all referenced datafiles
DESCRIPTIVE data elements that apply to all referenced datafiles
OBJECT=FILE statement (Repeats for each data product file)

» FILE CHARACTERISTIC data elements

= DATA OBJECT pointers

= |DENTIFICATION data elements

= DESCRIPTIVE data elements

= DATA OBJECT DEFINITION
END_OBJECT=FILE statement
END statement

Figure 5.3 provides an example of how this general structure appears in a combined detached
label that describes more than one data product file.
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PDS LABEL
LABEL STANDARDS
PDS_VERSION_ID = * IDENTIFIERS
Eggnﬁﬁg _:g - « IDENTIFICATION &
S CEERAET D = gfgﬁ:f?;zﬂve DATA ELEMENTS
INSTRUMENT_NAME =
TARGET_NAME =
PRODUCT _CREATION_TIME =
OBJECT = FILE * For Detached FILE A:
RECORD_TYPE _ FILE CHARACTERISTICS
. DATA ELEMENTS
f'TLlE,.—E“EESE% _ FILEA" » DATA OBJECT POINTERS
START TIME _ « IDENTIFICATION/DESCPRITIVE
STOP_TIME - DATA ELEMENTS
OBJECT - TIME SERIES  DATA OBJECT DEFINITIONS
END_OBJECT = TIME_SERIES
END_OBJECT s FILE
DB"ECJECDHD TYPE - e For Detached FILE B:
= * FILE CHARACTERISTICS
DATA ELEMENTS
FILE_ RECORD =
ATIME_SERIES = "FILEB"
START TIME _
STOP_TIME = « DATA OBJECT POINTERS
OBJECT = TIME_SERIES « IDENTIFICATION/DESCRIPTIVE
' DATA ELEMENTS
e DATA OBJECT DEFINITIONS
END_OBJECT = TIME_SERIES
END_OBJECT = FILE
END « END STATEMENT

Figure 5.3 PDS Combined / Detached PDS Label Structure
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523 Minimal Labeds

Use of the minimal |abel option is only alowed when the format of the data cannot be supported
by any PDS data object structure other than the FILE object.

For minimal labels the required use of data objectsiswaived. A minimal label does not require
any explicit PDS data object definitions or pointers to data objects. This applies to both attached
and detached labels.

Minimal labels must satisfy the following requirements:
(1) Provide the ability to locate the data associated with the label.

la Attached labdls

Since data objects and pointers are not required in the minimal label, by definition
the data follow immediately after the label.

1b. Detached Labdls

Both the implicit and explicit use of the FILE object are supported. The
FILE_NAME keyword is required in the explicit FILE object, or in the label itself
if no FILE object is included.

(2) Provide the ability to locate a description of the format/content of the data. One of the
following must be provided in the minimal |abel:

2a ADESCRIPTION = “<filename>"
Thisis apointer to afile containing a detailed description of the data format,
which may be located in the same directory as the data or in the DOCUMENT
subdirectory.

2b.  DESCRIPTION = *“<text appears here>"
Thisis either a detailed description of the datafile, its format, data types, and use,
or it isareference to a document available externally, e.g., a Software Interface
Specification (SIS) or similar document.

(3) When minimal labels are used, DATA_OBJECT_TYPE = FILE should be used in the
DATA_SET catalog file
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5231 Implicit File Object (Attached and Detached Minimal L abel)

The genera structure for minimal labels with implicit file objects is as follows:

LABEL STANDARDS identifier

FILE CHARACTERISTIC data elements
IDENTIFICATION data elements
DESCRIPTIVE data elements

END statement

5232 Explicit File Object (Detached Minimal L abel)

The generd structure for minimal labels with explicit file objectsis as follows:

LABEL STANDARDS identifier
IDENTIFICATION data elements
DESCRIPTIVE data elements

OBJECT=FILE statement
= FILE CHARACTERISTIC data e ements

END_OBJECT=FILE
END statements

Figure 5.4 provides an example of how this general structure appears in a detached minimal
label. In this example, an implicit FILE object is used.

59
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5.3 Detailed Label Contents Description

[ T S N T WAy e ] -

MIDENTIFICATION DATA ELEMENTS */
DATA_SET_ID
PRODUCT_ID
SPACECRAFT_MAME
INSTRUMENT _MAME
TARGET_NAME
START_TIME
STOP_TIME

m o n wuwmwn

PRODUCT_CREATION_TIME =

*DESCRIPTIVE DATA ELEMENTS */
FILTER_NAME =
OFFSET_MODE_ID
ADESCRIPTION

END

Chapter 5. Data Product Labels

* IDENTIFICATION DATA
ELEMENTS

= DESCRIPTIVE DATA
ELEMENTS

= END STATEMENT

Figure5.4 PDS Detached Minimal Label Structure

This section describes the detailed requirements for the content of PDS labels. The subsections
describe label standards identifiers, file characteristic data elements, data object pointers,
identification data elements, descriptive data elements, data object definitions, and the END

statement.

53.1 Labd Standardsldentifiers

Each PDS label must begin with the PDS_VERSION _ID data element. This element identifies
the published version of the Standards to which the label adheres, for purposes of both validation
as well as software development and support. For labels adhering to the standards described in
this documert (the PDS Standards Reference, Version 3.4), the appropriate value is “PDS3":
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PDS_VERSI ON_| D = PDS3

The PDS does not require Standard Formatted Data Unit (SFDU) labels on individua products,
but they may be desired for conformance with specific project or other agency requirements.
When SFDU labels are provided on a PDS data product, the SFDU label must precede the
PDS VERSION_ID keyword, thus:

CCSD. . .. [optional SFDU I abel ]
PDS_VERSI ON_I D
LABEL_REVI SI ON_NOTE

SFDU labels in PDS products must follow the format standards described in SFDU Usage
chapter in this document.

The LABEL_REVISION_NOTE element is a free form, unlimited-length character string
providing information regarding the revision status and authorship of a PDS labdl. It should
include at least the latest revision date and the author of the current version, but may include a
complete editing history. This element is required in all catalog labels.

Example

PDS_VERSI ON | D
LABEL_REVI SI ON_NOTE
rel ease; "
RECORD TYPE
RECORD BYTES = 80

PDS3
"1999-08-01, Anne Raugh (SBN), initial

FI XED_LENGTH

5.3.2 FileCharacteristic Data Elements

PDS data product |abels contain data element information that describes important attributes of
the physical structure of a data product file. The PDS file characteristic data elements are:

RECORD_TYPE
RECORD_BYTES
FILE_RECORDS
LABEL_RECORDS

The RECORD_TY PE data element identifies the record characteristics of the data product file. A
complete discussion of the RECORD_TY PE data element and its use in describing data products
produced on various platforms is provided in the Record Formats chapter in this document. The
RECORD_BYTES data element identifies the number of bytesin each physical record in the
data product file. The FILE_RECORDS data element identifies the number of physical records
in the file. The LABEL_RECORDS data element identifies the number of physical records that
make up the PDS product label.

Not all of these data elements are required in every data product label. Table 5.1 lists the
required (Req) and optional (Opt) file characteristic data elements for avariety of data products
and labeling methods for both attached (Att) and detached (Det) labels. Where (max) is
specified, the value indicates the maximum size of any physical record in the file.
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Table5.1: File Characteristic Data Element Requirements

Labeling Method  |Att Det |Alt Det Att Det |Att Det
RECORD_TY PE FIXED_LENGTH  [VARIABLE_LENGTH | STREAM UNDEFINED
RECORD_BYTES Req Req [Rmax Rmax |[Omax - - -
FILE_RECORDS Req Reg [Req Req |Opt Opt - -
LABEL_RECORDS  |Req - Reg - Opt - - -

Note The FILE_NAME keyword is required in detached minimal |abels.

5.3.3 Data Object Pointers

“Data objects’ are the actual data for which the structure and attributes are defined in a PDS
label. Each data product file contains one or more data objects. The PDS uses a pointer within
the product labels to identify the file locations for all objects in a data product.

Example

A"TABLE
A"TABLE

" DATA. DAT"
(" DATA. DAT", 10 <BYTES>)

5331 Use of Pointersin Attached Labds

Data object pointers are required in labels with one exception: attached |abels that refer to only a
single object. In the absence of a pointer, the data object is assumed to start in the next physical
record after the PDS product label area. This is commonly the case with ASCII text files
described by a TEXT object and ASCII SPICE files described by a SPICE_KERNEL object. The
top two illustrations in Figure 5.5 show example files that do not require data object pointers.

Object pointers are required for all data objects, even when multiple data objects are stored in a
single data product file. Data object pointers in attached labels take one of two forms:

A<object_identifier> = nnn

where nnn represents the starting record number within the file (first record is numbered 1),
Or,

A<object_identifier> = nnn <BYTES>
where nnn represents the starting byte location within the file (first byte is numbered 1).

See Chapter 12, Object Description Language (ODL) Specification and Usage, and Chapter 14,
Pointer Usage, in this document for a complete description of pointer syntax.
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The bottom two illustrations in Figure 5.5 show the use of required data object pointers for
attached label products containing multiple data objects.

ry
LABEL
END END !
=
SPICE
TEXT
KERNEL DATA
v
Record Byta
T | ~TABLE 1 = 11 1 AMAGE = 161 <BYTES> £
ATABLE 2 = 31 AHISTOGRAM = 640161 <BYTES> LABEL
END END _'I_
11 161
TABLE 1 ——
31 DATA
TABLE 2 640161
HISTOGRAM
h

Figure 5.5 Data Object Pointers-Attached Labels

5332 Use of Pointersin Detached and Combined Detached L abels
When the PDS data product label is a detached or a combined detached label, data object
pointers are required for all data objects referenced.

The syntax for these data object pointerstakes one of three forms:

(1) "object_identifier =*“filename”
(2) Mobject_identifier = (“filename’, nnn)
(3) Mobject_identifier = (“filename”’, nnn <BY TES>)
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With respect to the above three cases:

(& These object pointers reference either byte or record locations in data files that are
detached, or separate from, the labdl file.

(b) “Filename’ is the name of the detached datafile. File names must be in uppercase
characters.

(©) When no offset is specified, the first record is assumed.

(d) Records and bytes are numbered from 1.

In the first case, the data object is located at the beginning of the referenced file. In the second
case, the data object begins with the nnnf" physical record from the beginning of the referenced
file. Inthe third case, the data object begins with the nnn" byte from the beginning of the
referenced file.

Examples
A MAGE = ("DATA. | MG")
NENG NEERI NG_TABLE = (" DATA. DAT", 10)
ATABLE = ("DATA. TAB", 10 <BYTES>)

Figure 5.6 contains several examples of data object pointer usage for data product files with
detached or combined detached labels. The top example shows a data product consisting of a
HEADER data object and a TABLE data object together in a single file. The detached label for
this product includes pointers for both data objects, with the TABLE object starting at byte 601
of file A. The middle example illustrates a combined detached label for a data product contained
in two data objects, each in a separate file. A separate pointer is provided for each data object.
The bottom example shows a detached label for a data product containing multiple data objects.

The third example shows a complex data file structure. The HEADER object comes first in the
datafile and, as the pointer (“*"HEADER”) shows, it requires no explicit offset (record 1 is
assumed). Two parallel objects, a TABLE and an IMAGE, then follow the header. For this
section of the file, each record contains one row of the TABLE followed by one line of the
IMAGE. In the TABLE object description, the bytes of the IMAGE are accounted for as
ROW_SUFFIX_BYTES; in the IMAGE object description, the bytes of the TABLE object are
accounted for as LINE_PREFIX_BYTES. Both objects start in the same record, and therefore
have the same offset (4). See the IMAGE and TABLE object descriptions for more information
on prefix and suffix bytes. Had this data file been organized sequentially (so that, for example,
the HEADER was followed by the TABLE, which in turn was followed by the IMAGE), then
each object would have had its own offset.

5333 Note Concerning Minimal Attached and Detached L abels

Data object pointers do not exist in minimal labels. In these cases the format of the datais
usually fully described in a separate file or document.
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<4 DATA >

4—|ABEL > Byte__ FILEA
1
A — '1_________—-—-—-"_'-_-_-_-_-_-* HEADEH
e HEADER = "FILEA
' ATABLE = "FILEA", 601 <BYTES>)-
501
TABLE
FILEA
_ ATABLE = "FILEA" >
EXAMPLE 2:
A SERIES = "FILEB* " TABLE
FILEB
SERIES
Record
A HEADER = "FILEA"——— 3 1 HEADER
EXAMPLE 3: A IMAGE = ("FILEA", 4)—
[N}
ATABLE = ('FILEA", 4)| ——p 4 = | IMAGE
T
=

Figure 5.6 Data Object Pointers— Detached & Combined Labels

5.34 Dataldentification Elements

The data identification elements provide additional information about a data product that can be
used to relate the product to other data products from the same data set or data set collection. The
minimum set of identification elements required by the PDS standards (see the following
subsections) is sufficient to populate a high-level database like, for example, the PDS central
catalog. In addition, data preparers will choose additional identification elements from the
Planetary Science Data Dictionary (PSDD) to support present and future cataloging and search
operations.

NOTE: When adata preparer desires anew element for a data product label - one not yet
recorded in the PSDD - it can be proposed for addition to the dictionary. Contact a PDS Data
Engineer for assistance.
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534.1 Spacecr aft Science Data Products

The following data identification elements must be included in product labels for all spacecraft
science data products:

DATA_SET_ID
PRODUCT_ID
INSTRUMENT_HOST_NAME
INSTRUMENT_NAME
TARGET_NAME

START_TIME

STOP_TIME
SPACECRAFT_CLOCK_START_COUNT
SPACECRAFT_CLOCK_STOP_COUNT
PRODUCT_CREATION_TIME

5342 Earthbased Science Data Products

The following data identification elements must be included in product labels for all Earthbased
science data products:

DATA_SET_ID

PRODUCT _ID

INSTRUMENT HOST_NAME
INSTRUMENT_NAME
TARGET_NAME
START_TIME

STOP_TIME
PRODUCT_CREATION_TIME

534.3 Ancillary Data Products

The following data identification elements must be included in product labels for all ancillary
data products. Ancillary products may be more general in nature, supporting a wide variety of
instruments for a particular mission. For example, SPICE data sets, general engineering data
sets, and uplink data are considered ancillary data products.

DATA_SET_ID
PRODUCT_ID
PRODUCT_CREATION_TIME

The following identification elements are highly recommended, and should be included in
ancillary data products whenever they apply:

INSTRUMENT_HOST_NAME
INSTRUMENT_NAME
TARGET_NAME

START_TIME

STOP_TIME
SPACECRAFT_CLOCK_START_COUNT
SPACECRAFT_CLOCK_STOP_COUNT



518 Chapter 5. Data Product Labels

535 Descriptive Data Elements

In addition to the data identification elements required for various types of data, PDS strongly
recommends including additional data elements related to specific types of data. These
descriptive elements should include any elements needed to interpret or process the data objects
or which would be needed to catalog the data product to support potential search criteria at the
product level.

Recommendations for descriptive data el ements to be included come from the PDS mission
interface personnel as well as the data producer’ s own suggestions. These additional data
elements are selected from the Planetary Science Data Dictionary.

NOTE: When a data e ement is needed for a data product label, but is not yet recorded in the
PSDD, it may be proposed for addition to the dictionary. Contact a PDS data engineer for
assistance in submitting new data elements for inclusion in the PSDD.

Pointers are sometimes used in a PDS label to provide a shorthand method for referencing either
a set of descriptive data elements (e.g., "DESCRIPTION) or along descriptive text passage
relevant to several data product labels.

5.3.6 DataObject Definitions

The PDS requires a separate data object definition within the product label for each object in the

product, to describe the structure and associated attributes of each constituent object. Each object
definition, whether for a primary or a secondary object, must have a corresponding object pointer
as described in Section 5.3.3.

Object definitions are of the form:
OBJECT =aaa where aaa is the name of the data object
EN D_OBJECT = aaa

The PDS has designed a set of standard data object definitions to be used for labeling products.
Among these standard objects are those designed to describe structures commonly used for
scientific data storage. Appendix A provides the complete set of PDS object definition
requirements, along with examples of product labels.

Pointers are sometimes used in a PDS label to provide a shorthand method for including a
standard set of sub-objects referenced in several data product labels. For example, a pointer
caled “*STRUCTURE” is often used to include a set of COLUMN sub-objects for a TABLE
structure used in many labels of the same data set.
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5.3.7 End Statement

The END statement ends a PDS label. Where required by an outside agency, the END statement
may be followed by one or more SFDU labels.

The PDS does not require SFDU labels on individual products, but they may be required to
conform with specific project or other agency requirements. If SFDUs are provided on a data
product, they must follow the standards described in the SFDU Usage chapter in this document.
In some, but not al cases, another SFDU labdl is required after the PDS END statement to
provide “end label” and sometimes “start data” information.

54 Syntax for Element Values

The values of keywords must be expressed in a manner appropriate to the type of the keyword.
Data types for element values are specified in the element definitions contained in the PSDD.
The syntax rules for expressing these values in PDS labels are discussed in detail in Section 12.3
of Chapter 12: Object Description Language Specification and Usage. A brief summary is
provided here for reference.

Character Strings

Character strings are enclosed in double quotes unless they consist entirely of uppercase |etter,
number, and/or underscore (_) characters.

Examples
NANME = FILTER Correct
NANME = "FI LTER WAVELENGTH" Correct
NANME = FI LTER_WAVELENGTH Correct
NANME = FI LTER WAVELENGTH Incorrect
| ntegers

Integer values must be presented as a string of digits, optionally preceded by a sign. Specifically,
no comma or point should be used to group digits. Values that are to be interpreted as integers
must not be enclosed in quotation marks of any kind.

Exampl es
| TEMS =12 Correct
REQUI RED_STORAGE_BYTES = 43364 Correct
| TEMS = "12" Incorrect
REQUI RED_STORAGE_BYTES = 43, 364 Incorrect
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Floating-Point Numbers

Real data values may be expressed as either floating-point numbers with a decimal point or in
scientific notation with an exponent. Scientific notation is formatted in the standard manner for
program |/O, using the letter “E” as an exponentiation operator. Values that are to be interpreted
as real numbers must not be enclosed in quotation marks of any kind.

Examples
TELESCOPE_LATI TUDE = 33.476 Correct
TELESCOPE_LATI TUDE = 3.3476E+01 Correct
TELESCOPE_LATI TUDE = "33.476" Incorrect
TELESCOPE_LATI TUDE = 3.3476 x 10701 Incorrect

Dates and Times

Date and time values must be in the PDS standard date/time format: YYYY-MM-
DD Thh:mm:ss.sss. Date and time values must never be enclosed in quotes of any kind.

Examples

START_TI ME 1990- 08-01T23: 59: 59 Correct

"1990-08-01T23:59: 59" Incorrect

START_TI ME

55 Locally-defined Data Elements

The PSDD contains a large set of common (global) data elements (keywords) and small sets of
locally-defined data elements. The set of common data elements are available for use in any
label. Locally-defined data elements may only be used in data product labels.

55.1 Jugtification for Locally-defined Data Elements
There are two justifications for when a locally-defined keyword can be created:

a) the scope of useislimited / local to asmall set of data products within a single mission or
campaign, or is so specific that only a very few data providers would make use of the locally-
defined data element (keyword).

Examples of data elements in the PSDD having limited scope:

MAXIMUM B1950 RING LONGITUDE [PDSRINGS

The maximum_B1950 ring_longitude element specifies the maximum inertial longitude
within aring arearelative to the B1950 prime meridian, rather than to the J2000 prime
meridian. The prime meridian is the ascending node of the planet's invariable plane on the
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b)

Earth's mean equator of B1950. Longitudes are measured in the direction of orbital motion
along the planet's invariable plane to the ring's ascending node, and thence along the ring
plane. Note: For areas that cross the prime meridian, the maximum ring longitude will have
a vaue less than the minimum ring longitude.

INSTRUMENT FORMATTED DESC [PDS-CN]

The instrument_formatted desc element contains the formatted instrument descriptions.
These descriptions represent the information collected for the PDS Version 1.0 instrument
model and were created by extracting instrument information from severa tablesin the
catalog data base.

These descriptions represent an archive since the tables have been eliminated as part of the
catalog streamlining task.

DATA SET LOCAL 1D [PDS-SBN]

The DATA_SET LOCAL_ID element provides a short (of order 3 characters) acronym used
asthelocal ID of adata set (Example vaue: IGLC). It may also appear as the first element of
file names from a particular DATA_SET (Example value:lGLCINDX.LBL).

the common instance, and any other local instances, currently defined in the PSDD are
inadequate in some descriptive capacity:

the data element definition is too restrictive or inappropriate
the length of the keyword- value is too short
different types of units

A possible scenario for the above could be that the Cassini mission wants to use the
DATA_QUALITY_ID keyword.

DATA QUALITY 1D [PSDD] - CHAR(3)

The data_quality_id element provides a numeric key which identifies the quality of data
available for a particular time period. The data_quality_id scheme is unique to a given
instrument and is described by the associated data_quality _desc element.

But, the Cassini mission wants to re-use the data element in away that is different from the
instance(s) currently defined in the PSDD.

DATA QUALITY ID[CASSINI] - CHAR(50)

The data_quality _id element provides a short acronym or identifier of the qualitative state in
which the data resided when the data was generated by the instrument team. The
data_quality_id is unique to the Cassini mission and is described by the associated
data_quality desc element.
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55.2 Identification of L ocally-defined Data Elements
Locally-defined instances of data elements (keywords) are identified in data product labels as:

<namespace>:<keyword_name>

where <namespace> is the unique namespace to which the keyword is
designated.

<keyword_name> is the name of the keyword being included in the
data product label.

If there are multiple instances of a keyword, then the specific instance of useisidentified as
follows:

Example:
TARGET_NAME = " EARTH" (nanespace = PSDD)
CASSI NI : TARGET_NAME = " EARTH" (nanespace = CASSI NI)
VOYAGER: TARGET_NAME = " MARS" (nanespace = VOYAGER)

In the above example, the PSDD contains three separate instances of the TARGET_NAME
keyword:

a) the common (PSDD) instance which the PDS defined and which the PDS community at
large agreed upon.

b) the CASSINI instance which the Cassini project defined.

¢) the VOYAGER instance which the Voyager project defined.

5.5.3 Review and Use of L ocally-defined Data Elements

The following are recommendations on the review and use of locally defined keywords:

1. The custodian of a namespace is to be a PDS node; or the entity to which the PDS node
delegates authority (e.g., mission); or other agencies in a cooperative agreement with
NASA and working with the PDS (e.g., ESA).

2. The custodian has initial responsibility for NAMESPACE and all locally defined
elements which use the NAMESPACE.

3. Theresponsibility for NAMESPACE may be transferred if agreeable to the custodian and
the receiving party.

4. The responsibility for locally defined elements may be transferred if agreeable to the
custodian and the receiving party.
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10.

Custodians (e.g., missions/campaigns) being phased out are expected to transfer all
responsibilities to a continuing party (i.e., there is always aresponsible party actively
engaged in overseeing the use of the NAMESPACE and locally defined elements which
use the NAMESPACE.

Control authority (responsible party) has absolute authority over element definitions.

A non-originating user who reuses a locally defined keyword must conform to
interpretations of the control authority, including retroactive adjustments (i.e., the user of
alocally defined keyword is at risk that the control authority may ater one or more of the
keyword attributes; such as the definition, without notifying outside users of the change).

PDS recommends that non-originating users "clone" e ements into a new local dictionary
rather than reusing them (e.g., CASSINI:DATA_QUALITY _ID would become
MER:DATA_QUALITY_ID if reused by the MER mission). Thisis because non
originating users are at risk that the keyword may be atered by the control authority and
the control authority does not have an obligation to notify anyone of the change.

'Promoting’ locally defined keywords to full PSDD standing is not permitted (i.e., locally
defined keywords remain locally defined throughout the life of the keyword). A locally
defined keyword may be proposed independently for use in the global PSDD by
submitting the keyword element definition for the full PSDD approval process.

Locally defined keywords should not take on a scope outside of the originating
mission/campaign.
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Chapter 6. Data Set / Data Set Collection
Contents and Naming

The Data Set / Data Set Collection Contents and Naming standard defines the conventions for
maintaining consistency in the contents, organization and naming of archive quality data sets.

Data Sets are defined in terms of Data Products, which were introduced in Chapter 4. A data set
is an aggregation of data products with a common origin, history, or application. A data set
includes primary (observational) data plus the ancillary data, software, and documentation
needed to understand and use the observations. Filesin a data set share a unique data set name,
share a unique data set identifier, and are described by asingle DATA_SET catalog object (or
equivalent).

Data Set Collections are defined in terms of data sets. A data set collection is an aggregation of
several data setsthat are related by observation type, discipline, target, or time which are to be
treated as a unit; that is, they are intended to be archived and distributed together. Datasetsin a
data set collection share a unique data set collection name, share a unique data set collection
identifier, and are described by asingle DATA_SET_COLLECTION object (or equivaent).
One of the primary considerations in creating a data set collection is that the collection asa
whole provides more utility than the sum of the utilities of the individual data sets.

Figure 6.1 shows the relationships among Data Products, Data Sets, and a Data Set Collection.

DATA SET COLLECTION

|
| |

DATA SET #1 DATA SET #2

| !
—

PRIMARY PRIMARY AMCILLARY DATA PRODUCTS
DATA DATA — CALIBRATION

PRODUCT #1  PRODUCT #2 B siemeidns
— DOCUMENTATION
— CATALOG INFORMATION
— INDEX FILES
— DATA DICTIONARY FILES
— GAZETTEER
— SOFTWARE

Figure 6.1 Relationships among a Data Set Collection, its Data Sets, and their Data Products.
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Note that with respect to Figure 6.1, additional data sets (e.g., Data Set #2) have structure similar
to Data Set #1. And, Ancillary Data Products are often organized into directories corresponding
to the subject areas shown (see Chapter 19 for a more detailed description of each directory).

Ancillary Data Products may include any or al of the following:

6.1

Calibration - Data products used in the conversion of raw measurements to physically
meaningful values or data products needed to use the data.

Geometry - Data products needed to describe the observing geometry. Examples include
SEDRs and SPICE files.

Documentation - Data products which describe the mission, spacecraft, instrument, and/or
data set. These may include references to science papers or the papers themselves.

Catalog Information - Descriptive information about a data set expressed in Object
Description Language (ODL) and suitable for loading into a catalog. For more information,
see Appendix B.

Index Files- Information that allows a user to locate the data of interest - atable of contents.
An example might be a table mapping latitude/longitude ranges to file names.

Data Dictionary Files- An extract of the Planetary Science Data Dictionary (PSDD) that is
pertinent to the data set and expressed in ODL.

Gazetteer - Information about the named features on a target body associated with the data
Set.

Software - Software libraries, utilities, and/or application programs to access/process the
data products.

Data Set Naming and | dentification

Each PDS data set must have a unique name (DATA_SET_NAME) and a unique identifier
(DATA_SET ID), both formed from up to seven components. The components are listed here;
valid assignments for each component are described in Section 6.3:

Instrument host

Target

Instrument

Data processing level number
Data set type (optional)
Description (optional)
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Version number

A DATA_SET_NAME must not exceed 60 charactersin length. Where the character limitation
is not exceeded, the full-length name of each component is used. If the full-length name is too
long, an acronym is used to abbreviate components of the name. Where possible, each
component of the DATA_SET_NAME should identify and reflect the corresponding (acronym)
component used in forming the DATA_SET ID.

The DATA_SET_ID cannot exceed 40 charactersin length. Each component of the
DATA_SET ID isan acronym that identifies and reflects the corresponding (full- name)
component used in forming the DATA_SET _NAME. Withinthe DATA_SET ID, acronyms are
separated by hyphens.

Multiple instrument hosts, instruments, or targets are referenced in aDATA_SET_NAME or
DATA_SET _ID by concatenation of the values with a forward slash, "/", which is interpreted as
"and." The dlash may not be used in any other capacity ina DATA_SET _ID.

6.2 Data Set Collection Naming and | dentification

Each PDS data set collection must have a unique name (DATA_SET_COLLECTION_NAME)
and a unique identifier (DATA_SET_COLLECTION_ID), both formed from up to six
components. A data set collection may contain data sets that cover several targets, be of
different processing levels, or have different instrument hosts and instruments. Since the
individual data sets will be identified by their own data set names, some of this information need
not be repeated at the collection level. Therefore, the DATA_SET _COLLECTION_NAME uses
asubset of the DATA_SET_NAME components in addition to a new component, the collection
name, which identifies the group of related data sets. The components are listed here; valid
assignments for each component are described in Section 6.3:

Collection name

Target

Data processing level number (optional)
Data set type (optional)

Description (optional)

Version number

A DATA_SET_COLLECTION_NAME must not exceed 60 charactersin length. Where the
character limitation is not exceeded, the full-length name of each component is used. If the full-
length name is too long, an acronym should be substituted. Where possible, each component of
the DATA_SET_COLLECTION_NAME should identify and reflect the corresponding
(acronym) component used in forming the DATA_SET COLLECTION _ID.

The DATA_SET_COLLECTION_ID must not exceed 40 characters in length. Each component
isan acronym that identifies and reflects the corresponding (full-name) component used in
forming the DATA_SET_COLLECTION_NAME.
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Multiple targets or data processing levels are referenced in the data set collection name or
identifier by concatenation of the values with a forward slash (/) which is interpreted as "and.”

6.3 Nameand ID Components

6.3.1 Redrictionson DATA_SET_ID and DATA_SET COLLECTION_ID

Within the DATA_SET _ID and DATA_SET_COLLECTION_ID, acronyms are separated by
hyphens. The only characters alowed are:

Uppercase characters, A-z

Digits, 0-9

The hyphen character, ™"

The forward dash, "/"

The period character, ".", but only as part of a numeric component (e.g., "v1.0" but not
"CA")

6.3.2 Standard Acronyms, Abbreviations, and Assignments

This section details the standard acronyms and abbreviations required for formulating the
DATA_SET IDand DATA_SET COLLECTION_ID vaues. They are also recommended for
use, as appropriate, in the formation of other NAME- and ID-class element values. Standard
values for data dictionary elements mentioned in the following sections are listed in the PSDD.
New values are added to these lists as needed by the PDS data engineers.

1. Instrument host name and ID values are selected from the standard value list of the
corresponding PSDD entry (INSTRUMENT_HOST_NAME or INSTRUMENT_HOST _ID
data element). Note that the acronym EAR has been used for Earth-based data sets without a
specific instrument host.

2. Collection names and | Ds are created as needed by the data preparers in conjunction with
the PDS data engineer. Current IDs and their corresponding names include:

GRSFE Geological Remote Sensing Field Experiment
IHW International Halley Watch
PREMGN Pre-Magellan

3. Target name values are selected from the standard values listed in the PSDD for the
TARGET_NAMEe€dement. Target acronyms are selected from the following list:

Target ID Target Name
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Asteroid
Comet
Cadlibration
Dust

Earth
Mercury
Jupiter

Moon

Mars
Meteorite
Neptune
Pluto

Ring

Saturn
Satellite
Solar System
Uranus
Venus

Other, (e.g., Checkout)
Sky

>
=

SIr«erTmoQoOr
m
_|

-<><<C83£J/>)U):U'UZ

NOTE: Satellitesor rings are referenced in DATA_SET NAMEs and DATA_SET _IDsby
the concatenation of the satellite or ring identifier with the associated planet identifier; for
example:

JR Jupiter’ srings
JSA Jupiter’s satellites

If Jupiter data are also included in the ring and/or satellite data set thenonly Jupiter (*J’) is
referenced as the target.

Note that in some cases this component represents the TARGET_TY PE rather than the target
name, for example:

A Asteroid

C Comet
CAL Calibration
MET Meteorite

Valid vaues for the TARGET_TY PE data element are listed in the PSDD.

Instrument name and 1D values are taken either from the corresponding PSDD element, or
from the following list of values designated for certain types of ancillary data:

Names: INSTRUMENT _NAME data e ement in the PSDD
IDs: INSTRUMENT _ID data element in the PSDD
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Ancillary Data: ENG or ENGINEERING for engineering data sets
SPICE for SPICE data sets
GCM for Global Circulation Moddl data
SEDR for supplemental EDR data
POS for positional data

5. Data processing level number isthe National Research Council (NRC) Committee on Data
Management and Computation (CODMAC) data processing level number.

Normally a data set contains data of one processing level. PDS recommends that data of
different processing levels be treated as different data sets. However, if it is not possible to
separate the data, then a single data set with multiple processing levels will be accepted. Use
the following guidelines when specifying the data processing level number component of the
data set identifier and name:

(& the processing level number of the largest subset of data or
(b) the highest processing level number if there is no predominant subset.

Level Type Data Processing L evel Description
1 Raw Data Telemetry data with data embedded.
2 Edited Data Corrected for telemetry errors and split or decommutated into a data set for agiven

instrument. Sometimes called Experimental Data Record. Data are also tagged with
time and location of acquisition. Correspondsto NASA Level 0 data.

3 Cdibrated Data Edited datathat are still in units produced by instrument, but that have been corrected
so that values are expressed in or are proportional to some physical unit such as
radiance. No resampling, so edited data can be reconstructed. NASA Level 1A.

4 Resampled Data Datathat have been resampled in the time or space domainsin such away that the
original edited data cannot be reconstructed. Could be calibrated in addition to being
resampled. NASA Level IB.

5 Derived Data Derived results, as maps, reports, graphics, etc. NASA Levels 2 through 5.

6 Ancillary Data  Nonscience data needed to generate calibrated or resampled data sets. Consists of
instrument gains, offsets, pointing information for scan platforms, etc.

7 Correlative Data Other science data needed to interpret space-based data sets. May include ground-
based data observations such as soil type or ocean buoy measurements of wind drift.

8 User Description Description of why the data were required, any peculiarities associated with the data
sets, and enough documentation to allow secondary user to extract information from
the data.

N N Not Applicable
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6. Data set type provides additional identification if, for example, the CODMAC data
processing level component is not sufficient to identify the type or level of data. Following is
alist of vaid IDs and names that may be used for this component.

NOTE: Severa of the valuesin this table are currently unique to a particular mission (e.g.,
BIDR and MIDR were used on Magellan). These values may be used on other missions, if
deemed appropriate.

ID Name
ADR Anayzed Data Record
BIDR Basic Image Data Record
CDR Composite Data Record
CK SPICE CK (Pointing Kernel)
DDR Derived Data Record
(possibly multiple instruments)
DIDR Digitalized Image Data Record
DLC Detailed Level Catalog
EDC Existing Data Catalog
EDR Experiment Data Record
EK SPICE EK (Event Kernel)
GDR Globa Data Record
IDR Intermediate Data Record
IK SPICE IK (Instrument Kernel)
LSK SPICE LSK (Leap Second Kernel)
MDR Master Data Record
MIDR Mosaicked Image Data Record
ODR Original Data Record
PCK SPICE PCK (Planetary Constants Kernel)
PGDR Photograph Data Record
RDR Reduced Data Record
REFDR Reformatted Data Record
SDR System Data Record
SEDR Supplementary Experiment Data Record
SPK SPICE SPK (Ephemeris Kernel)
SUMM Summary (data) (to be used in the browse function)
SAMP Sample data from a data set (not subsampled data)

7. Descriptionisoptional, but allows the data provider to describe the data set better — for
example, to identify a specific comet or asteroid. Following isalist of example values (both
IDs and names) that can be used for this component.
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ALT/RAD Altimetry and Radiometry
BR Browse

CLOUD Cloud

ELE Electron

ETA-AQUAR Eta- Aquarid Meteors
FULL-RES Full Resolution
GIACOBIN-ZIN Comet P/Giacobini- Zinner
HALLEY Comet P/Halley

ION lon

LOS Line of Sight Gravity

MOM Moment

PAR Parameter

SA Spectrum Analyzer
SA-4.0SEC Spectrum Analyzer 4.0 second
SA-48.0SEC Spectrum Analyzer 48.0 second

8. Veasion number is determined as follows:

@

(b)

6.4 Examples

If there is not a previous version of the PDS data set/data set collection, then use
Version 1.0.

If aprevious version exists, then PDS recommends the following:

If the data sets/data set collections contain the same set of data, but use a
different medium (e.g., CD-ROM), then no new version number is

required (i.e., no new data set identifier). The inventory system will handle
the different media for the same data set.

If the data sets/data set collections contain the same set of data, but have
minor corrections or improvements such as a change in descriptive
labeling, then the version number is incremented by atenth. For example,
V1.0 becomesV1.1.

If adata set/data set collection has been reprocessed, using, for example, a
new processing algorithm or different calibration data, then the version
number is incremented by one (V1.0 would become V2.0). Also, if one
data set/data set collection contains a subset, is a proper subset, or isa
superset of another, then the version number isincremented by one.

For a data set containing the first version of Mars Cloud Data derived from the Mariner 9, Viking
Orbiter 1, and Viking Orbiter 2 imaging subsystems, the data set name and identifier would be:

DATA_SET_NAME = "MR9/V01/V02 MARS ISS/VIS 5 CLOUD V1. 0"
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DATA SET_ID = "MR9/V01/V02- M | SS/ VI S-5- CLOUD- V1. 0"
In this example the optional data set type is not used. The other components are:

Instrument hosts are Mariner 9, Viking Orbiter 1 and Viking Orbiter 2

Target is Mars

Instruments are the Imaging Science Subsystem and Visual Imaging Subsystem
Data Processing Level number is5

Description is CLOUD

Verson number isV1.0

Note that the individual components in the DATA_SET D closely match the corresponding
components used in the DATA_SET NAME.

The Pre-Magellan Data Set Collection contains radar and gravity data similar to the kinds of data
that Magellan collected and was used for pre-Magellan analyses of Venus and for comparisons to
actual Magellan data. In conversation the data set might be described as Pre-Magellan Earth,
Moon, Mercury, Mars, and Venus Resampled and Derived Radar and Gravity Data Version 1.0.
The data set collection name and ID were:

"PRE- MAGELLAN E/ L/ H MV 4/5 RADAR/ GRAVI TY
DATA V1. 0"

DATA_SET_COLLECTI ON_NAVE

"PREMGN- E/ L/ H/ M V- 4/ 5- RAD/ GRAV- V1. 0"

DATA_SET_COLLECTI ON_I D
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Chapter 7. Date/Time Format

PDS has adopted a subset of the International Standards Organization Standard (1SO/DIS) 8601
standard entitled “ Data Element and I nterchange Formats - Representations of Dates and Times”,
and applies the standard across all disciplinesinorder to give the system generality. See aso
Dates and Timesin Object Description Language (Chapter 12, Section 12.3.2) of this document.

It is important to note that the ISO/DIS 8601 standard covers only ASCII representations of dates
and times.

7.1 Date/Times

In the PDS there are two recognized date/time formats:

CCYY-MM-DDTHH:MM:SS.sssZ  (preferred format)
CCYY-DDDTHH:MM:SS.sssZ

Each format represents a concatenation of the conventional date and time expressions with the
two parts separated by the letter T:

CC - century (00-99)

YY - year (00-99)

MM - month (01-12)

DD - day of month (01-31)

DDD - day of year (001-366)

T - date/time separator

HH - hour (00-23)

MM - minute (00-59)

SS - second (00-59)

SSS - fractions of second (000-999)

The time part of the expression represents time in Universal Time Coordinated (UTC), hence the
Z a the end of the expression (see Section 7.3.1 for further discussion). Note that in both the
PDS catalog files and data product labels the “Z” is optional and is assumed.

PDS standard date/time format, i.e., the preferred date/time format, is. CCYY-MM-
DDTHH:MM:SS.sssZ.

Date/Time Precision

The above date/time formats may be truncated on the right to match the precision of the
date/time value in any of the following forms:
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1998

1998-12

1998-12-01
1998-12-01T23
1998-12-01T23:59
1998-12-01T23:59:58
1998-12-01T23:59:58.1

ODL Date/Time I nformation

Chapter 12, Object Description Language (ODL) Specification and Usage, Section 12.3.2, Dates
and Times, of this document provides additional information on the use of ODL in date/time
formation, representation, and implementation.

7.2 Dates
The PDS allows dates to be expressed in conventional and native (alternate) formats

7.2.1 Conventional Dates

Conventional dates are represented in 1SO/DIS 8601 format as either year (including century),
month, day-of-month (CCYY-MM-DD), or as year, day-of-year (CCYY-DDD). The hyphen
character (‘-') is used as the field separator in this format. The former is the preferred format for
usein PDS labels and catalog files and is referred to as PDS standard date format, but either
format is acceptable.

7.2.2 NativeDates

Dates in any format other than the ISO/DIS 8601 format described above are considered to bein
aformat native to the specific data set, thus “ native dates’. Native date formats are specified by
the data preparer in conjunction with the PDS data engineer. Missionelapsed days and time-to-
encounter are both examples of native dates.

73 Times

The PDS allows times to be expressed in conventional and native (alternate) formats.

7.3.1 Conventional Times

Conventional times are represented as hours, minutes and seconds according to the ISO/DIS
8601 time format standard: HH:MM:SY[.sss]. Note that the hours, minutes, and integral seconds
fields must contain two digits. The colon (*:") is used as afield separator. Fractional seconds
consisting of adecimal point (the Europeant style comma may not be used) and up to three digits
(thousandths of a second) may be included if appropriate.

Coordinated Universal Time (UTC) isthe PDS time standard and must be formatted in the
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previously described 1SO/DIS 8601 standard format. The letter "Z", indicating the civil time
zone at Greenwich (i.e., GMT), may be appended to the time if desired and appropriate. Note
that the relationship between UTC and GMT has varied historically and with observer context.
UTC isthe PDS time standard; a time with anappended 'Z' will be interpreted within the PDS as
UTC, regardless of any changes or local variations in the GMT/UTC relationship.

The START_TIMEand STOP_TIME data el ements required in data product |abels and catalog
templates use the UTC format. For data collected by spacecraft- mounted instruments, the date/
time must be atime that corresponds to “ spacecraft event time”. For data collected by
instruments not located on a spacecraft, this time shall be an earth-based event time value.

Adoption of UTC (rather than spacecraft-clock-count, for example) as the standard facilitates
comparison of data from a particular spacecraft or ground-based facility with data from other
sources.

7.3.2 NativeTimes

Timesin any format other than the 1ISO/DIS 8601 format described above are considered to be in
aformat native to the data set, and thus “native times”. The NATIVE_START _TIME and
NATIVE_STOP_TIME eements hold the native time equivalents of the UTC valuesin
START_TIME and STOP_TIME, respectively.

There is one native time of particular interest, however, which has specific keywords associated
with it. The spacecraft clock reading (that is, the “count”) often provides the essential timing
information for a space-based observation. Therefore, the elements
SPACECRAFT_CLOCK_START_COUNT and SPACECRAFT_CLOCK_STOP_COUNT are
required in labels describing space-based data. This value is formatted as a string to preserve
precision.

Note that in rare cases in which there is more than one native time relevant to an observation, the
data preparer should consult a PDS data engineer for assistance in selecting the appropriate PDS
el ements.

The following paragraphs describe typical examples of native time formats.

1. Spacecraft Clock Count (sclk) - Spacecraft clock count (sclk) provides a more precise
time representation than event time for instrument-generated data sets, and so may be
desirable as an additional time field. In atypical instance, a range of spacecraft-clock-
count values (i.e., a start-and a stop-value) may be required.

Spacecraft clock count (SPACECRAFT_CLOCK_START_COUNT and
SPACECRAFT_CLOCK_STOP_COUNT) shall be represented as aright-justified
character string field with a maximum length of thirty characters. This format will
accommodate the extra decimal point appearing in these data for certain spacecraft ard
other specia formats, while aso supporting the need for simple comparison (e.g., “>" or
<") between clock count values.
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Note that if the spacecraft clock values are not strictly numeric strings (for example, if
they contain colon separators), care should be taken in dealing with blank padding and
justification of the string value. If necessary, nhon-numeric strings may be left-justified to
ensure that clock values will sort in the expected way.

Example
SPACECRAFT_CLOCK_START_COUNT = " 1234: 36. 401" correct
SPACECRAFT_CLOCK_START_COUNT = "1234: 36. 401 " incorrect

. Longitude of Sun - Longitude of Sun (“Ls”) is aderived data value that can be

computed, for a given target, from UTC.

Ephemeris Time- Ephemeristime (ET) is calculated as“ TAI + 32.184 sec. + periodic

terms’. The NAIF S and P kernels have data that are in ET, but the user (viaNAIF

ephemeris readers which perform data conversion) can obtain the UTC values.

. Relative Time - In addition to event times, certain “relative time” fields will be needed to

represent data times or elapsed times. Time-from-closest-approach is an example of such
a data element. These times shall be presented in a (D,H,M,S) format as a floating point
number, and should include fractional seconds when necessary. The inclusion of “day” in
relative times is motivated by the possible multi-day Iength of some delta times, as could
occur, for example, in the case of the several- month Galileo Jupiter orbit.

Local Times- For agiven celestial body, LOCAL_TIMEis the hour relative to midnight

in units of 1/24th the length of the solar day for the body.

6. Alternate Time Zones (Relative to UTC) - When times must be expressed according to

an adternate time zone, they shall consist of hours, minutes, seconds, and an offset, in the
form HH:MM:SS.sss+n, where n is the number of hours from UTC.

Note that only the Greenwich time zone may be indicated by its |etter designator ("Z"); all
other zones must be indicated by the hour offset from UTC.
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Chapter 8. Directory Types and Naming

The Directory Naming standard defines the conventions for naming directories on a data volume.
This chapter lists the standard directoriesestablished by PDS, plus the rules for forming
subdirectory names and abbreviations.

8.1 Standard Directory Names

When any of the following directories are included on an archive product, the following standard
directory naming conventions are used.

Directory Contents

CATALOG PDS catalog files

DOCUMENT  Documentation, supplementary and ancillary information to assist in
understanding and using the data products

EXTRAS “Value added” elementsincluded by the data preparer, but outside the scope
of the PDS archive requirements

GAZETTER Tables of information about the geological features of a target

INDEX Indices to assist in locating data of interest
LABEL “Include” files which describe specific aspects of the data format and
organization

SOFTWARE  Utilities, application programs, or subprograms used to access or process the
data

The following standard directory names are recommended for use on archive volumes. Note that
these directory names are reserved for the uses described below. That is, if they appear on an
archive volume, they must contain the indicated information:

CALIB Calibration files used in the original processing of the data, or needed to use
the data

GEOMETRY  Filesdescribing the observational geometry (e.g., SEDRs, SPICE kernels)
BROWSE Reduced resolution versions of data products
DATA Contains one or more subdirectories of data products. The DATA

subdirectory is used to unclutter the root directory of avolume by providing a
single entry point to multiple data subdirectories.
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Note that some data sets may not contain al the components above and, as a result, do not need
all of the directories listed. For example, many image data sets do not include geometry files and
so do not need a GEOMETRY directory. See the Volume Organization and Naming chapter of
this document for alist of required and optional subdirectories on any specific volume.

8.2 Formation of Directory Names

1. A directory name must consist of only uppercase a phanumeric characters and the
underscore character (i.e., A-Z, 0-9, or “_"). No lowercase letters (i.e., az) or specia
characters (e.g., “#’, “&”, “*”) are alowed.

2. A directory name must not exceed 31 characters in length, to comply with the 1ISO 9660
level 2 media interchange standard.

3. Thefirst letter of a directory name must be an aphabetic character, unless the directory
name represents a year (e.g., 1984).

4. If numeric characters are used as part of the name (e.g., DIR1, DIR2, DIR3) the numeric
part should be padded with leading zeros up to the maximum size of the numeric
(DIR0001, DIR0002, DIR3267).

5. Directories which contain a range of similarly named files must be assigned directory
names using the portion of the filename which encompasses al the filesin the directory,
with “X’s” used to indicate the range of values of actual filenames in the directory.

For example, the PDS Uranus Imaging CD-ROM disk contains image files that have
filenames that correspond to SPACECRAFT_CLOCK_START_COUNT values. The
directory that contains the image files ranging from C2674702.IMG through
C2674959.IMG has the directory name C2674XXX.

6. Directory names must use full length terms whenever possible (e.g., SATURN,
MAGELLAN, CRUISE, NORTH, DATA, SOFTWARE). Otherwise, directory names
must be constructed from abbreviations of full-length names using the underscore
character to separate abbreviated terms, if possible. The meaning of the directory name
should be clear from the abbreviation and from the directory structure.
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For example, the following directory structure can be found on the VVoyager 2 Images of
Uranus CD-ROM Volume 1.

ROOT —— ARIEL
—— DOCUMENT
—— INDEX
—— OBERON
—— TITANIA
— UMBRIEL
—— UNKNOWN
—— URANUS —

C2674XXX
C2675XXX

——— U_RINGS —

L C2687XXX
—— C2674XXX

In this case, it is clear from the context that the directory U_RINGS is the abbreviated
form of URANUS RINGS.

7. High level directories that deal with data sets covering arange of planetary science
disciplines or targets shall adhere to the following hierarchy:

A Planetary science directory: PLANET
Planetary body subdirectories: MERCURY, MOON, MARS, VENUS, COMET
Discipline subdirectories: ATMOS, IONOSPHE, MAGNETOS, RING,

SURFACE, and SATELLIT
(Use satellite name if numerous files exist)

8. The recommended SOFTWARE subdirectory naming convention is described in the
Volume Organization and Naming chapter of this document. Either a platform:based
model or an application-based model can be used in defining software subdirectories. In
a platform-based model, the hardware platform, operating system and environment must
be explicitly stated. If there is more than one operating system/environment supported
they are addressed as subdirectories under the hardware directories. When there is only
one, the subdirectory may be promoted to the hardware directory.

For example, if software for the PC for both DOS and Windows were present on the
volume, the directories SOFTWARE/PC/DOS and SOFTWARE/PC/WIN would exist. If
only DOS software were present, the directory would be SOFTWARE/PCDOS.
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8.3 Path Formation Standard

The PDS standard for path namesis based on Level 1 of the ISO 9660 international standard. A
pathname may consist of up to eight directory levels. Each directory name is limited to eight
characters; the forward-dash character (“/”) is used as the separator in path names. Path names
typically appear on PDS volumes as data in index tables for locating specific files on an archive
volume. They may also appear as valuesin a limited number of keywords (e.g.,
FILE_SPECIFICATION_NAME, PATH_NAME, and LOGICAL_VOLUME_PATH_NAME).

The following are examples of valid values for the keywords listed above:

TG15NXXX/TG15N1IXX/TG15N12X identifies the location of the directory TG15N12X
at the third level below the top level of an archive
volume.

DOCUMENT identifiesa DOCUMENT directory within the root
directory.

Note: The leading dash is omitted because these are relative paths. The trailing slash is
included so that concatenation of PATH_NAME and FILE_NAME will yield the full file
specification. See the File Specification and Naming chapter of this document for more
information.

Previous PDS standards allowed the use of the DEC VMS syntax for path names. While PDS
support for this format continues to exist, it is recommended that all future volumes use the
UNIX syntax instead.

8.4 TapeVolumes

When magnetic tapeis the archive medium, a disk directory structure cannot be used because the
medium does not support multi-level directories. In this case, files must be stored sequentially.

A directory structure for the volume must be designed in any case, so that when the data are
transferred to a medium that supports hierarchical file management they can be placed into an
appropriate directory structure. A DIRECTORY object must be included with each tape volume
within the VOLUME object. This object is then used to describe how the sequential files should
be loaded into a hierarchica structure.

85 Exceptionsto These Standards

In certain cases, the archive medium used to store the data, the hardware used to produce the data
set, or the software operating on the data may impose restrictions on directory names and
organization. In these cases, consult a PDS data engineer for guidance in designing the archive
volume structure.
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Chapter 9. Documents

Supplementary or ancillary reference materials are usually included with archive products to
improve their short- and long-term utility. These documents augment the internal documentation
of the product labels and provide further assistance in understanding the data products and
accompanying materials. Typical archive documents include:

Flight project documents

Instrument papers

Science articles

Volume information

Software Interface Specifications (SISs)
Software user manuals

The PDS criteriafor inclusion of a document in the archive are:

1. Would thisinformation be helpful to a data user?
2. Isthe material necessary?
3. Isthe documentation complete?

In general, the PDS seeks to err on the side of compl eteness.

Each document to be archived must be prepared and saved in a PDS-compliant format, including
aPDS label. Documents are delivered in the DOCUMENT directory of an archive volume (see
the Volume Organization and Naming chapter of this document).

A flat, human-readable ASCII text version of each document must be included on the volume,
although additional versions may be included in other supported formatsat the option of the data
producer. “Flat ASCII text” means the file may contain only the standard, 7-bit printable ASCI|
character set, plus the blank character and the carriage-return and linefeed characters as record
delimiters. A file is “humanreadable” if it is not encoded and if any specia markup tags which
may be included do not significantly interfere with an average user’s ability to read the file. So,
for example, ssmple HTML files and TeX/LaTeX files with relatively little markup embedded in
the text are generally considered human readable and may, therefore, be used to satisfy the above
ASCII text version requirement.

Note that the PDS takes the requirement for complete documentation very seriously. Documents
that are essential to the understanding of an archive are considered as important as the data files
themselves. Furthermore, including a document in a PDS archive constitutes publication (or re-
publication) of that document. Consequently, documents prepared for inclusion in an archive are
expected to meet not only the PDS label and format requirements, but also the structural,
grammatical and lexical requirements of arefereed journa submission. Documents submitted for
archiving which contain spelling errors, poor grammear or illogical organization will be rejected
and may ultimately lead to the rejection of the submitted data for lack of adequate
documentation.
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9.1 PDSODbjectsfor Documents

PDS labels of documentationfiles use either the TEXT or DOCUMENT object, as appropriate.
The DOCUMENT object is usualy used with documentation files found in the DOCUMENT
directory of an archive volume. Files described by aDOCUMENT object may be in any of the
formats described in Section 9.2.

The TEXT object may only be used with ASCI| text files containing no markup. TEXT objects
are most often used for small text files occurring anywhere in the archive volume (for example,
the AAREADME.TXT filein the root directory or the DOCINFO.TXT filein the DOCUMENT
directory).

9.1.1 TEXT Objects

TEXT objects are preferred for stand-alone documents with a narrow focus. For example, the
AAREADME.TXT or DOCINFO.TXT files on the archive volume are usually labeled using a
TEXT object. Files described by a TEXT object must:

a) Beplain, flat ASCII files without markup tags (i.e., no HTML or TeX files), encoded
graphics (as in PostScript files), or programmatic structures (i.e., no source code files or
scripting commands); and

b) Haveafile extension of “. TXT”

9.1.2 DOCUMENT Objects

DOCUMENT objects are preferred when several versions of the same file are provided or when
there are several component files constituting a single version of the document - for example,
when graphics are included in separate files from the text. Any file labeled using a
DOCUMENT object must:

a) Bein one of the PDS-approved formats listed below; and

b) Usethe appropriate object characteristics (listed below) for the DOCUMENT object
parameters and the file extension.

DOCUMENT labels are most often combined detached labels, since attaching them to most of
the formats listed below would make the combined file unusable in its customary environment
(Microsoft Word, for example, cannot recognize “.DOC” files with attached PDS labels).
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Format Object Interchange Document Format File Extension
Format

Plain ASCII Text |ASCII_DOCUMENT ASCII TEXT ASC

HTML HTML_DOCUMENT ASCII HTML HTM or HTML*

TeX TEX_DOCUMENT ASCII TEX TEX

LaTeX LATEX _DOCUMENT [ASCII LATEX TEX

Adobe PDF PDF_DOCUMENT BINARY ADOBE PDF .PDF

MS Word WORD DOCUMENT |BINARY MICROSOFT WORD .DOC

Rich Text RTF DOCUMENT BINARY RICH TEXT RTF

GIF GIF_DOCUMENT BINARY GIF GIF

JPG JPG DOCUMENT BINARY JPG JPG

Encapsulated EPS DOCUMENT BINARY ENCAPSULATED .EPS
Postscript POSTSCRIPT

PNG PNG DOCUMENT BINARY PNG .PNG

Postscript PS DOCUMENT BINARY POSTSCRIPT .PS

Tagged Image TIFF_DOCUMENT BINARY TIFF TIFor . TIFF*
File Format

* See chapter File Specification and Naming regarding extensions with more than three
characters.

Example: “MYDOC” is a documentation file to be included in the DOCUMENT directory of an
archive volume. Two versions will be supplied: aflat ASCII version with the graphicsin
separate TIFF files; and a Microsoft Word version with in-line graphics in asinglefile. In the
PDS label, “MYDOC” will be described using a DOCUMENT object for each different file
format provided. The files included in the directory will be:

gD PE

MYDOC.ASC
MYDOC.DOC
MY DOCOO0L1.TIF
MY DOCO02.TIF
MYDOC.LBL

required ASCII version
optional Microsoft Word version to retain al graphics
optional scanned TIFF version of selected pages

optional scanned TIFF version of other selected pages
PDS label defining DOCUMENT object(s) for these files

Optional versions of the document should have the same file name as the required ASCII version
but with different extensions. Optional versions should be defined as additional DOCUMENT
objects in the single PDS label; the name of the required ASCII file should be indicated in the

text of the DESCRIPTION keyword.

9.2 Document Format Details

9.21 Flat ASCII Text

LineLength and Delimiters - PDS recommends plain text files have line length restricted to 78
characters or fewer, to accommodate printing and display on standard devices. Each line must be
terminated by the two-character carriage-return/linefeed sequence (ASCII decimal character

codes 13 and 10, respectively).
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Page Length and Breaks- Block paragraph style is preferred, with paragraphs being separated
by at least one blank line. The form feed character (ASCII decimal code 12) may be used to
indicate page breaks, in which case pages should contain no more than 60 lines of text. A
formfeed character should be inserted immediately after the END statement line of an attached
PDS label in these files.

9.22 ASCII Text Containing Markup Language

Line Length and Delimiters- The 78-character line length recommendation is dropped for
these files. Notwithstanding, the lines must be delimited by the carriage return/linefeed character
combination.

Page L ength and Breaks- Page breaks are controlled by the markup in these files.
Consequently, there are no specific page length recommendations.

Note: ASCII files containing extensive markup may not pass the “human-readable’ test. Also,
some automatic converters producing, for example, HTML files that might be expected to
be human readable in fact add so many additional marks and notations that those files
also fail the “humanreadable’ test. Consult a PDS data engineer for help in determining
whether a particular file can be considered “human-readable” for archive purposes.

9221 Hyper-Text Markup Language (HTML) Files

PDS archive products must adhere to Version 3.2 of the HTML language, a standard generalized
markup language (SGML) conforming to the ISO 8879 standard. All files are subject to
validation against the HTML 3.2 SGML Declaration and the HTML Document Type Definition.

Note: Constructs not defined in the HTML 3.2 standard (e.g., FRAME, STYLE, SCRIPT, and
FONT FACE tags) are not alowed in PDS documentation files.

9.2.2.2 Location of Files

PDS strongly recommends that targets of all HTML links be present on the archive volume. In
cases where exterral links are provided, the link should lead to supplementary information that is
not essential to understanding or use of the archival data.

PDS recommends that al files comprising an HTML document or series of documents be located
inasingle directory. However, locating ancillary files (e.g., images, common files) in
subdirectories may be required under certain circumstances (e.g., to avoid conflicts in file names
or to minimize replication of common files).

9.2.2.3 Discouraged HTML 3.2 Capabilities
Although the APPLET tag is advertised to be supported by all Java enabled browsers, not all
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applets execute on al browsers on al platforms. Further, some browsers require that the user
explicitly enable use of Java applets before the applet will execute. Consequently, applets are
permitted in PDS document files only when the information they convey is not essential to
understanding or use of the archival data.

Use of the TAB character is permitted but strongly discouraged because of variationsin
implementation among browsers and resulting misalignments within documents.

Use of animated GIF image files is discouraged.

9.2.3 Non-ASCII| Formats

Wherever possible the specific encoding and version level information should be included in the
label for all nonrASCII documents. The ENCODING_TY PE keyword is used to indicate the
base encoding type (e.g., PostScript, GIF, etc.), while the specific version information should be
included in the text of the DESCRIPTION keyword. See the PSDD for alist of standard
encoding types. Additional types may be added at the discretion of the PDS data engineer.

9.24 Validation

Documentationfiles prepared to accompany a data set or data set collection must be validated.
Validation consists of checking to ensure that the files can be copied or transmitted
electronically, and can be read or printed by their target text- processing program.
Documentation files should be spell-checked prior to being submitted to PDS for validation.

9.3 Examples

9.3.1 Simple Example of Attached label (Plain ASCII Text)

The following label could be attached to a plain ASCII text file describing the content and format
of Mars Pathfinder Imager Experiment Data Records.

PDS_VERSI ON_I D = PDS3

RECORD_TYPE = STREAM

OBJECT = TEXT

NOTE = "Mars Pat hfinder |nmager Experinment Data Record SIS"
PUBLI CATI ON_DATE = 1998-06- 30

END_OBJECT = TEXT

END

9.3.2 Complex Example of Detached L abel (Two Document Versions)

|f the data producer chose to provide the same document in both plain ASCII text and asa
Microsoft Word document, the detached label would have the name EDRSIS.LBL and would be
as follows:
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PDS_VERSI ON_I D
RECORD_TYPE
AASCI | _DOCUVENT
AWORD_ DOCUVENT

OBJECT
DOCUMENT _NAVE
PUBLI CATI ON_DATE
DOCUMENT_TOPI C_TYPE
| NTERCHANGE_FORMAT
DOCUMENT _FORNMAT
DESCRI PTI ON

END_OBJECT

OBJECT
DOCUNMENT _NANE
PUBLI CATI ON_DATE
DOCUMENT _TOPI C_TYPE
| NTERCHANGE_FORMAT
DOCUMENT _FORMAT
DESCRI PTI ON

END_OBJECT
END

Chapter 9. Documents

PDS3

UNDEFI NED
"EDRSI S. ASC'
" EDRSI S. DOC"

ASCI | _ DOCUMENT

"Mars Pat hfinder | mger Experinment Data Record"
1998- 06- 30

"DATA PRODUCT SIS

ASCI |

TEXT

"Thi s docunent contains a textual description of
the VI CAR and PDS formatted Mars Pat hfinder | M
Experiment Data Records. This is the ASCHI text

versi on of the docunent
ASCI | _ DOCUMENT

required by PDS."

WORD_DOCUMENT
"Mars Pat hfi nder
1998- 06- 30
"DATA PRODUCT SI S

Bl NARY

"M CROSOFT WORD'

"Thi s docunent contains a textua
the VICAR and PDS formatted Mars Pat hfi nder
Experi ment Data Records. The document was
created using Mcrosoft Wrd 6.0.1 for the
Maci nt osh. "

WORD_DOCUMENT

| mager Experinent Data Record"

description of
| MP

9.3.3 Complex Example of Detached Label (Documents Plus Graphics)

The following label (EDRSIS.LBL) illustrates the use of an HTML document as the required
ASCII document. The same document is also included as a PDF file, and four PNG images are
included separately.

PDS_VERSI ON_I D
RECORD_TYPE
AHTM._ DOCUVENT
APDF_DOCUMENT
APNG_DOCUMENT

OBJECT
DOCUMENT _NAVE

PUBLI CATI ON_DATE

DOCUMENT_TOPI C_TYPE
| NTERCHANGE_FORVAT

DOCUMENT _FORNMAT
DESCRI PTI ON

PDS3

UNDEFI NED

"EDRSI S. HTM'

" EDRSI S. PDF"

("FIGL. PNG', "FI G2. PNG', "TAB1. PNG', "TAB2. PNG")

HTM._ DOCUVMENT
"Mars Pat hfi nder
Recor d"
1998- 06- 30
"DATA PRODUCT SI S

ASCI |

HTML

"This docunment contains a description
of the VICAR and PDS formatted Mars
Pat hfi nder | MP Experinment Data Records.
is an HTML version of the docunent."

| mager Experiment Data

Thi s



DOCUMENT _NAME

PUBLI CATI ON_DATE
DOCUMENT _TOPI C_TYPE
FI LES

ENCODI NG_TYPE

| NTERCHANGE_FORNMAT
DOCUMENT _FORNMAT
DESCRI PTI ON

END_OBJECT
END

"Mars Pat hfinder
Recor d"

1998- 06- 30
"DATA PRODUCT SI S"
4

"PNGL. 0"

Bl NARY

PNG

"Thi s document
figures and two tables fromthe Mars
Pat hfi nder | MP Experi nent
PNG_DOCUMENT

| mager Experinment Data
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END_OBJECT = HTM._DOCUMENT
OBJECT = PDF_DOCUNMENT
DOCUVMENT _NAME = "Mars Pat hfinder |mger Experinent Data
Recor d"
PUBLI CATI ON_DATE = 1998- 06- 30
DOCUMENT_TOPI C_TYPE = " DATA PRODUCT SI S"
ENCODI NG_TYPE = " PDS- ADOBE- 1. 1"
| NTERCHANGE_FORVAT = BI NARY
DOCUMENT _FORNMAT = " ADOBE PDF"
DESCRI PTI ON = "This docunment contains a description
of the VICAR and PDS formatted Mars
Pat hf i nder | MP Experinent Data Records. This
is a PDF version of the docunent."
END_OBJECT = PDF_DOCUMENT
OBJECT PNG_DOCUMENT

is a PNG representation of two

Data Record SIS. "
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Chapter 10. File Specification and Naming

The File Specification and Naming standard defines the PDS conventions for forming file
specifications and names. This chapter is based on levels 1 and 2 of the international standard
SO 9660, “Information Processing - Volume and File Structure of CD-ROM for Information
Interchange.”

| SO 9660 Level 1 versus|SO 9660 Level 2

PDS recommends that archive products adhere to the SO 9660 Level 1 specification.
Specifically, CD-ROM volumes that are expected to be widely distributed should use file
identifiers consisting of a maximum of eight characters in the base name and three charactersin
the extension (i.e,, “8.3" file names).

When there are compelling reasons to relax the 8.3 file name standard, the 1SO 9660 Level 2

specification with respect to file names only may be used, subject to the restrictions listed in
Section 10.1.2.

10.1 File Specification Standards

A file specificationconsists of the following elements:
1. A complete directory path name (as discussed in the Directory Types and Naming chapter
of this document)
2. A file name (including extension)
The PDS has adopted the UNIX/POSIX forward slash character (/) as the directory separator for
use in path names. Directory path name formation is discussed further in the Directory Types
and Naming chapter of this document.

The following is an example of a simple file specification The file specification identifies the
location of the file relative to the root of a volume, including the directory path name.

File Name: TG15N122.IMG
File Specification:  TGI5NXXX/TG15N1IXX/TG15N12X/TG15N122.IMG
Do not use path or file names that correspond to operating system specific names, such as:

AUX COM1 CON LPT1  NUL PRN
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10.1.1 1SO 9660 L evel 1 Specification

A file name consists of a base name and an extension, separated by afull stop character (“.”).
Under 1SO 9660 Level 1, the length of the base name may not exceed eight characters and the
extension may not exceed three characters. In addition, a version number consisting of a
semicolon and an integer must follow the file identifier. The base name and extension may only
contain characters from the following set: the upper case a phanumeric characters (A- Z, 0-9)
and the underscore (“_"). Collectively, these requirements are often referred to asthe “8.3” (“8

dot 3”) file naming convention. These limitations exist primarily to accommodate older
computer systems that cannot handle longer file names. Since PDS archive volumes are designed
to be read on many platforms, including PCs, these restrictions are necessary.

Preferred format: BASENAME (1..8 characters) "." EXTENSION (3 characters)
Allowable format: BASENAME (1..8 characters) "." EXTENSION (1..3 characters)

Actua format
on archive medium: BASENAME (1..8 characters) "." EXTENSION (1..3 characters) ";1"

10.1.2 1SO 9660 L evel 2 Specification

The PDS use of 1SO 9660 Level 2 file names adheres to all the above restrictions, with one
exception: the base name may be up to 27 characters long (total file name length not to exceed
31 characters). Thus, this format is sometimes referred to as the “27.3” format.

Note: In rare cases the following variations are allowed on the 27.3 format file name:

The file name portion may be up to 29 characters long; or
The extension may be up to 29 characters long.

In no case, however, may the total file name length, including the “.”, exceed 31 characters.
Preferred format: BASENAME (1..27 characters) "." EXTENSION (3 characters)
Allowable format: BASENAME (1..29 characters) "." EXTENSION (1..29 characters)

Actual format
on archive medium: BASENAME (1..29 characters) "." EXTENSION (1..29 characters) ";1"

Note that only the file name specification for Level 2 may be used in PDS archive volumes. All
other Level 2 extensions are prohibited.
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10.2 Reserved Directory Names, File Names and Extensions

A number of file names, directory names and file extensions are reserved for files that are
required in PDS archive volumes under various circumstances. These reserved names and
extensions are listed in the following sections for easy reference. For details concerning what
directories and files are required where and when, see the indicated chapter.

10.2.1 Reserved Directory Names

The following directory names are reserved. The contents of these directories are described in
Chapter 19, Volume Organization and Naming.

BROWSE
CALIB
CATALOG
DATA
DOCUMENT
EXTRAS
GAZETTER
GEOMETRY
INDEX
LABEL
SOFTWARE

10.2.2 Reserved File Names

The following file names are reserved. Not all of them are required in all cases. For a complete
description of what files are required where and when, see Chapter 19, Volume Organization and
Naming.

AAREADME.TXT GAZINFO.TXT PERSON.CAT
BROWINFO.TXT GEOMINFO.TXT REF.CAT
CALINFO.TXT INDEX.TAB SGIINFO.TXT
CATALOG.CAT INDXINFO.TXT SOFTINFO.TXT
CATINFO.TXT INST.CAT SUNINFO.TXT
CUMINDEX.TAB INSTHOST.CAT VOLDESC.CAT
DATASET.CAT LABINFO.TXT VOLDESC.SFD
DOCINFO.TXT MACINFO.TXT VOLINFO.TXT
ERRATA.TXT MISSION.CAT ZIPINFO.TXT
EXTRINFO.TXT PCINFO.TXT

10.2.3 Reserved Extensions

The following file extensions are reserved. A brief description is provided in the table below.
Additional detail is contained in Chapter 19, Volume Organization and Naming, and Chapter 9,
Documentation Standard.
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Extension Description
(use with files of thistype)

ASC Plain ASCII documentation files

BC SPICE Binary format CK (pointing) files

BSP SPICE Binary format SPK (ephemeris) files
CAT Catal og object(s)

Ccsv SPREADSHEET object(s)

DAT Binary files (other than images)

DLL Dynamic Link Library

DOC Microsoft Word document

EPS Encapsul ated Postscript

EXE Application or Executable

FMT Include file for describing data object (meta data)
GIF GIF image

HTM or HTML | HTML document

IBG Browse image data

IMG Image data

IMQ Image data that have been compressed

JPG JPEG image

LBL Detached |abel for describing data object

LIB Library of object files
MAK Makefile for compiling / linking application or executable
OBJ Object file

PDF Adobe PDF document

PNG Portable Network Graphics

PS Postscript

QuUB Spectral (or other) image QUBEs

RTF Rich Text document
TAB Tabular data, including ASCII TABLE objects with

detached labels
TEX TeX or LaTeX document
TI SPICE Text IK (instrument parameters) files
TIFor TIFF | Tagged Image File Format documents

TLS SPICE Leap seconds kernel files

TPC SPICE Physical and cartographic constants kernel files
TSC SPICE Spacecraft clock coefficients kernel files
TXT Plain text documentation files

XC SPICE Transfer format CK (pointing) files
XES SPICE E-kernel files

XSP SPICE Transfer format SPK (ephemeris) files
ZIP Zip-compressed files within PDS

Table 10.1 — Reserved File Extensions
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10.3 Guiddinesfor Naming Sequential Files
In cases where file names are constructed from a time tag or sequential data object identifier, the
following forms are suggested (but not required):

Pnnnnnnn.EXT

where “.EXT” is the file extension (see above) and P is a character indicating:

nnnnnnn is a clock count value (e.g., “C3345678.IMG”)

nnnnnnn isa time value (e.g., “T870315.TAB”)

nnnnnnn isaframe ID or animage ID (e.g., “F242A03.IMG”)
nnnnnnn is a numeric file identification number (e.g., “NO03.TAB")

ZT—=H0
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Chapter 11. Media Formats for Data
Submission and Archive

This standard identifies the physica media formats to be used for data submissionor delivery to
the PDS or its science nodes. The PDS expects flight projects to deliver all archive products on
magnetic or optical media. Electronic delivery of modest volumes of special science data
products may be negotiated with the science nodes.

Archive Planning - During archive planning, the data producer and PDS will determine the
medium (or media) to use for data submission and archiving. This standard lists the media that
are most commonly used for submitting data to and subsequently archiving data with the PDS.
Delivery of data on media other than those listed here may be negotiated with the PDS on a case-
by-case basis.

Physical Media for Archive - For archival products only media that conform to the appropriate
International Standards Organization (I1SO) standard for physical and logical recording formats
may be used.

1. The preferred data delivery medium is the Compact Disk (CD-ROM or CD-Recordable)
produced in 1SO 9660 format, using Interchange Level 1, subject to the restrictions listed
in Section 10.1.1.

2. Compact Disks may be produced in 1SO 9660 format using Interchange Level 2, subject
to the restrictions listed in Section 10.1.2.

3. Digital Versatile Disk (DVD-ROM or DVD-R) should be produced in UDF-Bridge
format (Universal Disc Format) with 1SO 9660 Level 1 or Level 2 compatibility.

Because of hardware compatibility and long-term stability issues, the use of 12-inch Write Once
Read Many (WORM) disk, 8- mm Exabyte tape, 4-mm DAT tape, Bernoulli Disks, Zip disks,
Syquest disksand Jaz disks is hot recommended for archival use. WORM disk formats are
proprietary to the specific vender hardware. Helical scan tape (8-mm or 4-mm) is prone to
catastrophic read errors. Bernoulli, Zip, Jaz, Syquest and other vendor-specific storage media
are prone to obsolescence.

11.1 CD-ROM Recommendations

11.1.1 Useof Variant Formats

The use of Extended Attribute Records (XARS), Rock Ridge Extensions or Macintosh Hybrid
Disk Extensions on archival CD-ROMs is discouraged because these extensions can cause errors
with CD-ROM drivers on some systems.
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11.1.2 Premastering Recommendation

PDS recommends that CD-ROMSs be premastered using a single-session, single-track format.
Other formats have been found to be incompatible with some readers.

11.2 DVD Recommendations

11.2.1 Useof Variant Formats

The official volume structure for DVD media is UDF. DVD volumes should not be produced
using 1SO 9660 only. While current operating systems support 1SO 9660 on DVD volumes, there
is no guarantee that future operating system upgrades, set-top boxes or other new devices will
continue to support 1SO 9660 formatted DVD volumes.

11.2.2 Premastering Recommendation

PDS recommends that DVD-ROMs or DV D-Rs be premastered using a single-session, single-
track format using the UDF-Bridge format.

11.2.3 Recommended DVD Formats

There are currently three "variants' of DVD media:

DVD-5 - single sided, single layer (4.7 GB)
DVD-9 - single sided, double layer (8.5 GB)
DVD-10 - double sided, single layer (9.4 GB)

Currently, only the DV D-5 is approved by the PDS for archiving data. A waiver may be
obtained for using the DVD-9 format if the archive consists of very large quantities of data (e.g.,
cost considerations may warrant using this format). The DVD-10 format is not recommended.

11.3 Packaging Software Fileson aCD or DVD

The ISO 9660 Level 1 standard requires all pathnames and directory names to be in uppercase,
and to be limited to eight characters with a three-character file extension for file names. In some
cases it may be desirable to include software packages on an 1SO 9660 Level 1 archive product
that do not conform to these naming standards. The recommended method for packaging
software isto use a“Zip” utility in accordance with the PDS standards for archiving data using
Zip compression. See the Zip Compression chapter for more information.

11.4 Software Packaging Under Previous Versions of the Standard

Under previous versions of the Standards — prior to the adoption of the Zip standard (see the Zip
Compression chapter ) — archive products that included software specifically intended for the



Chapter 11. Media Formats for Data Submission and Archive 11-3

Mac and SUN operating systems used the following conventions:
1. Mac Software

In this case the Mac files must be prepared in a particular format, as other platforms do
not recognize the resource and data fork files that come with Mac applications. (For an
example of properly formatted Mac software, see the NIHIMAGE software on the
Magellan GxDR and Clementine EDR CD-ROMs.) The Mac utility “STUFFIT” is used
to prepare the files by compressing them and encoding them using the BINHEX utility.
Users will also need this STUFFIT utility in order to unpack the software for use. The
procedure and software requirements should be described in a text file included on the
CD-ROM (in the appropriate SOFTWARE/DOCUMENT subdirectory — see the Volume
Organization and Naming chapter in this document).

Exampl e — Text Documenting HQX Files

Maci nt osh Sof t war e

This directory contains software that can be used to display the GXDR
i mges on a Macintosh Il conputer with an 8-bit col or display.

NOTE: Because of the way this CD-ROM was produced, it was not possible
to record this display programas a Macintosh executable file. Anyone
who is unfamliar with the Macintosh STUFFIT utility should contact the
PDS operator, 818-306-6026, SPAN address JPLPDS:: PDS_OPERATCR, | NTERNET
addr ess PDS_OPERATOR@ PLPDS. JPL. NASA. GOV

The file | MAGE. HQX contains the NIH I mage program along with several
ancillary files and docunentation in Mcrosoft WORD format. It was
witten by Wayne Rasband of the National Institutes of Health. The
program can be used to display any of the inage files on the GXDR
CD- ROM di sks.

The | mage executabl e and manual are stored in BINHEX format, and the
utility STUFFIT or UNSTUFFI T nust be used to: 1) decode the Bl NHEX
file IMAGE. HQX into I MAGE. SIT, using the ' DECODE BI NHEX FILE..." option
in the Oher nenu; and 2) use 'OPEN ARCHI VE' fromthe File nenu to
extract Image 1.40 fromthe STUFFIT archive file. There are also
several other files in the archive file which should be unstuffed and
kept together in the sane folder as the Inmage executable is stored.

The STUFFIT software is distributed as shareware. STUFFIT, Version
1.5.1, is available by contacting:

Rayrmond Lau MacNET: RayLau Usenet: rayl au@asys1. UUCP
100-04 70 Ave. GEni e: RayLau

Forest Hills, NY. 11375-5133 Cl S: 76174, 2617

United States of America. Del phi : RaynondLau

Al ternatively, STUFFIT CLASSIC, Version 1.6, is available by contacting:

Al addi n Systens, Inc.
Deer Park Center

Suite 23A-171

Apt os, CA 95003

United States of Anerica
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2. SUN Software

The problem in this case is preserving the SUN file names, since case is significant in file
names on that platform. Since the 1SO standard requires all file and directory names to be
uppercase, adisk premastered as an 1ISO CD may encounter problems in the case-
sensitive SUN environment. Specifically, some CD readers mounted on SUN systems
show file names as uppercase regardless of the format prior to mastering. If build routines
(“make’ files, for example) refer to lowercase file names, the corresponding files will not
be found.

A method for dealing with this situation is to store the entire original directory structure
and contents in a compressed, encoded archive (a compressed “tar” file, for example),
and document the procedures and utilities needed to restore the files in the appropriate
file. Thisis equivaent to the STUFFIT approach described above for Mac software.
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Chapter 12. Object Description Language
Specification and Usage

The following provides a complete specification for Object Description Language (ODL), the
language used to encode data labels for the Planetary Data System (PDS) and other NASA data
systems. This standard contains aformal definition of the grammar semantics of the language.
PDS specific implementation notes and standards are referenced in separate sections.

12.1 About the ODL Specification

This standard describes Version 2.1 of ODL. Version 2.1 of ODL supersedes Versions 0 and 1 of
the language, which were used previously by the PDS and other groups. For the most part, ODL
Version 2.1 is backwardly compatible with previous versions of ODL. There are, however, some
features found in ODL Versions 0 and 1 that have been removed from or changed within Version
2. The differences between ODL versions are described in Section 12.7.

Following is a sample ODL data label describing afile and its contents:

/* File Format and Length */
RECORD_TYPE = FI XED_LENGTH
RECORD _BYTES = 800
FI LE_RECORDS = 860
/* Pointer to First Record of Major Ohjects in File */
A VAGE = 40
AN MAGE_HI STOGRAM = 840
AANCI LLARY_TABLE = 842
/* I nage Description */
SPACECRAFT_NAME VOYAGER 2
TARGET_NAME 10
I MAGE_I D "0514J2-00"
| MAGE_TI ME 1979- 07-08T05: 19: 11Z

| NSTRUMENT _NAVE
EXPOSURE_DURATI ON
NOTE

NARROW ANGLE_CANMERA

1. 9200 <SECONDS>

"Routine multispectral |ongitude
coverage, 1 of 7 franmes”

/* Description of the Cbjects Contained in the File */

OBJECT = | MAGE
LI NES = 800
LI NE_SAMPLES = 800
SAMPLE_TYPE = UNSI GNED_I NTEGER
SAMPLE_BI TS =8
END OBJECT = | MAGE
OBJECT = | MAGE_HI STOGRAM
| TENMS =25
| TEM TYPE = | NTEGER
I TEM BI TS = 32
END_OBJECT = | MAGE_HI STOGRAM
OBJECT = ANCI LLARY_TABLE
ANSTRUCTURE = "TABLE. FMI™"
END_OBJECT = ANCI LLARY_TABLE

END
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12.1.1 Implementing ODL

Notes to implementers of software to read and write ODL -encoded data descriptions appear
throughout the following sections. These notes deal with issues beyond language syntax and
semantics, but are addressed to assure that software for reading and writing ODL will be
uniform. The PDS, which is the major user of ODL -encoded data |abels, has imposed additional
implementation requirements for software used within the PDS. These PDS requirements are
discussed below where appropriate.

12.1.1.1 Language Subsets

Implementers are allowed to develop software to read or write subsets of the ODL. Specifically,
software developers may opt to:

Eliminate support for the GROUP statement (see Section 12.4.5.2 for additional
information)

Not support pointer statements

Not support certain types of data values

For every syntactic element supported by an implementation, the corresponding semantics, as
spelled out in this chapter, must be fully supported. Software devel opers should be careful to
assure that language features will not be needed for their particular applications before
eliminating them. Documentation on label reading/writing software should clearly indicate
whether or not the software supports the entire ODL specification and, if not, should clearly
indicate the features not supported.

12.1.1.2 Language Super sets

Software for writing ODL must not provide or allow lexical or syntactic elements over and
above those described below. With the exception of the PV L-specific extensions below, software
for reading ODL must not provide or alow any extensions to the language.

12.1.1.3 PDS Implementation of PVL-Specific Extensions

PDS implementation of software for reading ODL may, in some cases, provide handling of
lexical element s that are included in the CCSDS specification of the Parameter Value Language
(PVL), which is a superset of ODL. Extensions handled by such software include:

BEGIN_OBJECT as a synonym for the reserved word OBJECT
BEGIN_GROUP as a synonym for the reserved word GROUP
Use of the semicolon (;) as a statement terminator

These lexical elements are not supported by software that writes the ODL subset. They must
either be removed (in the case of semicolons) or replaced (in the case of the BEGIN_OBJECT
and BEGIN_GROUP synonyms) upon output.
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12.1.2 Notation

The formal description of the ODL grammar is given below in Backus-Naur Form (BNF).
Language elements are defined using rules of the following form:

defined _element ::= definition
where the definition is composed from the following components:

1. Lower case words, some containing underscores, are used to denote syntactic
categories. For example:

units_expression

Whenever the name of a syntactic category is used outside of the formal BNF
specification, spaces take the place of underscores (for example, units expression).

2. Boldface typeis used to denote reserved identifiers. For example:
obj ect
Special characters used as syntactic elements also appear in boldface type.

3. Square brackets enclose optional elements. Elements within brackets occur zero or
one times.

4. Square brackets followed immediately by an asterisk or plus sign specify repeated
elements. In the case of an asterisk, the elements in brackets may appear zero, one, or
more times. In the case of a plus sign, the elements in brackets must appear at least
once. The repetitions occur from left to right.

5. A vertical bar separates aternative elements.

6. If the name of any syntactic category starts with an italicized part, it is equivalent to
the category name without the italicized part. The italicized part is intended to convey
some semantic information. For example, both object_identifier and units _identifier
are equivalent to identifier; object_identifier is used in places where the name of an
object isrequired and units_identifier is used where the name of some unit of
measurement is expected.

12.2 Character Set

The character set of ODL isthe International Standards Organization’s 1SO 646 character set.
The U.S. version of the SO 646 character set is ASCII; the ASCII graphical symbols are used
throughout this document. In other countries certain symbols have a different graphical
representation.
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The ODL character set is partitioned into letters, digits, special characters, spacing characters,
format effectors and other characters:

character :: = letter | digit | specia_character |
spacing_character | format_effector |
other_character

12.2.1 ODL Character Set - Letters

The letters are the uppercase letters A - Z and the lowercase letters a- z. ODL language elements
are not case sengitive. Thus the following identifiers are equivalent:

IMAGE_NUMBER
Image_Number
image_number

Case is significant inside of literal text strings, i.e., string “abc” is not the same as the string
HABC” .

12.2.2 ODL Character Set - Digits
Thedigitsare0, 1, 2,3,4,5,6, 7, 8, 9.

12.2.3 ODL Character Set — Special Characters
The special characters used in ODL are:

Symbol Name Usage
= Equals The equals sign equates an attribute or pointer to a value.
{} Braces Braces enclose an unordered set of values.
O Parentheses Parentheses enclose an ordered sequence of values.
+ Plus The plus sign indicates a positive numeric value.
- Minus The minus sign indicates a negative numeric vaue.
<> Angle brackets ~ Angle brackets enclose a units expression associated with a
numeric value.
Period The period is the decimal place in real numbers.

" Quotation Marks Quotation marks denote the beginning and end of atext string
value. Case is significant within the quotes of atext string.

’ Apostrophe Apostrophes mark the beginning and end of a symbol value.
Case is not significant within delimiting apostrophes (a.k.a.
“single quotes”).
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_ Underscore The underscore separates words within an identifier.
: Comma The comma separates individual values in a set or sequence.
/ Slant The dlant character indicates division in units expressions. The

dant is also part of the comment delimiter.

* Asterisk The asterisk indicates multiplication in units expressions. Two
asterisks in arow indicate exponentiation in units expressions.
The asterisk is also part of the comment delimiter.

Colon The colon is used in attribute assignment statements to separate
anamespace_identifier from an attribute_identifier (see Section
12.4.2).

The colon separates hours, minutes and seconds within atime
value.

# Crosshatch Also known as “the pound sign”, this symbol delimits the
digitsin an integer number value expressed in notation other
than base- 10.

& Ampersand The ampersand denotes continuation of a statement onto
another line.

A Circumflex The circumflex (or caret) indicates that a value isto be
interpreted as a pointer.

12.2.4 ODL Character Set — Spacing Characters

Two characters, called the spacing characters, separate lexical elements of the language and can
be used to format characters on aline:

Space
Horizontal Tabulation

12.2.5 ODL Character Set — Format Effectors

The following I SO cheracters are format effectors, used to separate ODL encoded statements
into lines:

Carriage Return
Line Feed

Form Feed

Vertical Tabulation

The spacing characters and format effectors are discussed further in section 12.4.1 below. There
are other charactersin the 1SO 646 character set that are not required to write ODL statements
and labels. These characters may, however, appear within text strings and quoted symbolic
literals:
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1$%;?2@[] |

12.2.6 ODL Character Set —Control Characters

The category of other characters aso includes the ASCII control characters except for horizontal
tabulation, carriage return, line feed, form feed and vertical tabulation (e.g., the control
characters that serve as spacing characters or format effectors). As with the printing charactersin
this category, the control charactersin this category can appear within atext string. The handling
of control characters within text strings and symbolic literals is discussed in Section 12.3.3
below.

12.3 Lexical Elements

This section describes the lexical elements of ODL. Lexical elements are the basic building
blocks of the ODL. Statements in the language are composed by stringing lexical elements
together according to the grammatical rules presented in Section 12.4. The lexical elements of
ODL are:

Numbers

Dates and Times

Strings

Identifiers

Specia symbols used for operators, etc.

There is no inherent limit on the length of any lexical element. However, software for reading
and writing ODL may impose limitations on the length of text strings, symbol strings and
identifiers. It is recommended that at least 32 characters be allowed for symbol strings and
identifiers and at least 400 characters for text strings.

12.3.1 Numbers

ODL can represent both integer numbers and real numbers. Integer numbers are usually
represented in decimal notation (“123”), but ODL also provides for integer values in other
number bases (for example, “2#1111011#” is the binary representation of the decimal integer
“123"). Real numbers can be represented in simple decimal notation (“123.4") or in scientific
notation (i.e., with a base 10 exponent: “1.234E2").

12.3.1.1 Integer NumbersIn Decimal Notation
An integer number in decimal notation consists of a string of digits optionally preceded by a
number sign. A number without an explicit sign is always taken as positive.

integer :: = [Sign] unsigned_integer
unsigned_integer :: = [digit] +
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sgn:= +|-

Examples— Decimal Integers

0

123
+440
-150000

12.3.1.2 Integer Numbersin Based Notation

An integer number in based notation specifies the number base explicitly. The number base must
be in the range 2 to 16, which alows for representations in the most popular number bases,
including binary (base 2), octal (base 8) and hexadecimal (base 16). In general, for a number
base X the digits 0 to X-1 are used. For example, in octal (base 8) the digits 0 to 7 are alowed. If
X is greater than 10, then the letters A, B, C, D, E, F (or their lower case counterparts) are used
as needed for the additional digits.

A based integer may optionally include a number sign. A number without an explicit signis
always takenas positive.

based integer :: = radix # [sign] [extended_digit] + #
extended digit :: = digit | letter
radix :: = unsigned_integer

Examples — Based Integers

2#1001011#
SH#113#
10#75#
16#4B#

16#+4B#
16#-4B#

All but the last example above are equivalent to the decimal integer number 75. The fina
example is the hexadecimal representation of -75 decimal.

12.3.1.3 Real Numbers

Rea numbers may be represented in floating-point notation (“123.4”) or in scientific notation
with a base 10 exponent (“1.234E2"). A real number may optionally include a sign. Unsigned
numbers are always taken as positive.

real :: =[sign] unscaled real |[sign] scaled redl
unscaled real :: = unsigned integer. [unsigned integer] | .unsigned_integer
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scaled readl :: = unscaled_real exponent
exponent :: = E integer | e integer

Note that the letter ‘E’ in the exponent of a real number may appear in either upper or lower
case.

Examples — Real Numbers

0.0
123.
+1234.56
-.9981
-1.E-3
314591

12.3.2 Datesand Times

ODL includes lexical elements for representing dates and times. The formats for dates and times
are a subset of the formats defined by the International Standards Organization draft standard
ISO/DIS 8601. (For information regarding PDS specific use of dates and times, see the
Date/Time chapter in this document.)

12.3.2.1 Dateand Time Values

Date and time scalar values represent a date, atime, or a combination of date and time:

date time value :: = date | time | date_time

The following rules apply to date values:

The year must be Anno Domini. PDS requires a4-digit year format be used (i.e,,
“2000", not “00").

Month must be a number between 1 and 12.

Day of month must be a number in the range 1 to 31, as appropriate for the particular
month and year.

Day of year must be in the range 1 to 365, or 366 in aleap year.

The following rules apply to time values:

Hours must be in the range O to 23.
Minutes must be in the range 0 to 59.
Seconds, if specified, must be greater than or equal to 0 and less than 60.

The following rules apply to zone offsets within zoned time values:
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Hours must be in the range -12 to + 12 (the sign is mandatory).
Minutes, if specified, must be in the range O to 59.

12.3.2.2 Implementation of Datesand Times

All ODL reading/writing software shall be able to handle any date within the 20th and 21st
centuries. Software for writing ODL must always output full four-digit year numbers so that
labels will be valid across century boundaries.

Timesin ODL may be specified with unlimited precision, but the actual precision with which
times will be handled by label reading/writing software is determined by the software
implementers, based upon limitations of the hardware on which the software is implemented.
Developers of label reading/writing software should document the precision to which times can
be represented.

Software for writing ODL must not output local time values, since a label may be read in atime
zone other than where it was written. Use either the UTC or zoned time format instead.

12.3.2.3 PDS Implementation of Datesand Times

PDS software for reading ODL |abels interprets label times as UTC times. On output, a“Z” will
be appended to label times.

12.3.2.4 Dates

Dates can be represented in two formats: as year and day of year; or as year, month and day of
month.

date :: =year_doy |year_month_day
year_doy :» = year-doy

year_month_day :» = year-month-day

year :: = unsigned_integer

month .. = unsigned_integer

day :: = unsigned_integer

doy :: = unsigned_integer

Examples— Dates

1990-07-04
1990-158
2001-001

12.3.2.5 Times

Times are represented as hours, minutes and (optionally) seconds using a 24-hour clock. Times
may be specified in Universal Time Coordinated (UTC) by following the time with the letter Z
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(for Zulu, a common designator for Greenwich Mean Time). Alternately, the time may be
referenced to any time zone by following the time with a number that specifies the offset from
UTC. Most time zones are an integral number of hours from Greenwich, but some are different
by some nortintegral time; both can be represented in the ODL. A time that is not followed by
either the Zulu indicator or atime zone offset is assumed to be alocal time.

time > =local_time | utc_time| zoned time
local time . = hour_min_sec

utc_time > =hour_min_sec Z

zoned time :: =hour_min_sec zone offset
hour_min_sec :: = hour: minute [:second]

zone offset ::=signhour [: minute]

hour .. = unsigned_integer

minute = unsigned_integer

second = unsigned_integer | unscaled real

Note that either an integral or afractional number of seconds can be specified in atime value.

Examples— Times

12:00
15:24:127
01:10:39.4575+07 (time offset of 7 hours from UTC)

12.3.2.5.1 Combining Date and Time

A date and time can be specified together using the format below. Either of the two date formats
can be combined with any time format - UTC, zoned or local.

date time::=date T time
The letter T separating the date from the time may be specified in either upper or lower case.
Note that, because thisis a lexical element, spaces may not appear within a date, within atime or
before or after the letter T.

Examples— Date/Times

1990-07-04T12:00
1990-158T15:24:127
2001-001T01:10:39.457591+7

12.3.3 Strings

There are two kinds of string elementsin ODL.: text strings and symbol strings.
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12.3.3.1 Text Strings
Text strings are used to hold arbitrary strings of characters.

quoted text ::= "[character]*"
The empty string — a quoted text string with no characters within the delimiters — is allowed.

A quoted text string may not contain the quotation mark, which is reserved to be the text string
delimiter. A quoted text string may contain format effectors, hence it may span multiple lines in
alabel: thelexical element begins with the opening quotation mark and extends to the closing
quotation mark, even if the closing mark is on afollowing line. The rules for interpreting the
characters within atext string, including format effectors, are given in the subsection on string
valuesin Section 12.5.3.

12.3.3.2 Symbol Strings

Symbol strings are sequences of characters used to represent symbolic values. For example, an
image ID may be a symboal string like ‘J123-U2A’, or a camera filter might be a symbol string
like'UVY'.

quoted_symbol ::= *[character]+’
A symbol string may not contain any of the following characters:

The apostrophe, which is reserved to be the symbol string delimiter
Format effectors, which means that a symbol string must fit on asingle line
Control characters

12.3.4 ldentifiers

Identifiers are used as the names of objects, attributes and units of measurement. They can also
appear as the value of a symboalic literal.

Identifiers are composed of |etters, digits, and underscores. Underscores are used to separate
words in an identifier. The first character of an identifier must be a letter. The last character
may not be an underscore.

identifier : : = letter [letter | digit | _letter | _digit]*

Because ODL is not case sensitive, lower case charactersin an identifier can be converted to
their upper case equivalent uponinput to simplify comparisons and parsing.

Examples— Identifiers

VOYAGER
VOYAGER_2
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BLUE_FILTER
USA_NASA_PDS 1 0007
SHOT 1 RANGE_TO SURFACE

12.3.4.1 Reserved ldentifiers

A few identifiers have specia significance in ODL statements and are therefore reserved. They
cannot be used for any other purpose (specificaly, they may not be used to name objects or
attributes):

end end_group end_object
group object begin_object

12.3.5 Special Characters

ODL isasimple language and it is usually clear where one lexical element ends and another
begins. Spacing characters or format effectors may appear before alexical element, between any
pair of lexical elements, or after alexical element without changing the meaning of a statement.

Some lexical elements incorporate special characters (e.g., the decimal point in real numbers or
the quotation marks that delimit atext string). Some specia characters are also lexical elements
in their own right. These are:

= The equals sign is the assignment operator.

, The comma separates the elements of an array or a set.

* The asterisk serves as the multiplication operator in units expressions.
/ The slant serves as the division operator within units expressions.

A The circumflex denotes a pointer to an object.

<> The angle brackets enclose units expressions.

0 The parentheses enclose the elements of a sequence.

{} Thebraces enclose the elements of a set.

The following two-character sequence is aso a lexical el ement.

**  Two adjacent asterisks are the exponentiation sign within units
expressions.

12.4 Statements

An ODL-encoded label is made up of a sequence of zero, one, or more statementsfollowed by
the reserve identifier end.
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labd ::= [statement]*
end

The body of alabel is built from four types of statements:

statement :: = attribute_assignment_statement |
pointer_statement |
object_statemert |
group_statement

Each of the four types of statementsis discussed below.

12.4.1 Linesand Records

Labels are also typically composed of lines, where each line is a string of characters terminated
by a format effector or a string of adjacent format effectors. The following recommendations are
given for how software that writes ODL should format a label into lines:

There should be at most one statement on a line, athough a statement may be more than a
single line in length. As noted in Section 12.3.5 above, format effectors may appear
before, after or between the lexical elements of a statement without changing the meaning
of the statement. For example, the following statements are identical in meaning:

FI LTER_NAME = {RED, GREEN, BLUE}
FI LTER_NAME = {RED,

GREEN,

BLUE}

Each line should end with a carriage return character followed immediately by aline feed
character. This sequence is an end-of-line signa for most computer operating systems
and text editors.

The character immediately following the END statement must be either an optional
spacing character or format effector, such as a space, line feed, carriage return, etc.

A line may include a comment. A comment begins with the two characters “/*” and ends with
the two characters “*/”. A comment may contain any character in the ODL character set except
format effectors, which are reserved to mark the end of line (i.e., comments may not be more
than one line long). Comments are ignored when parsing an ODL label. When the comment
delimiters (“/*” and “*/”) appear within a text string, they are not interpreted as a comment - they
are simply part of the text string. For example, in the following example the comment will be
included as part of the text string:

NOTE = "All good nen cone to the /* Exanple of incorrect coment*/
aid of their party"
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Any characters on aline following a comment are ignored.

In some computer systems files are divided into records. Software for writing and reading ODL-
encoded labels in record-oriented files should adhere to the following rules:

A line of an ODL-encoded label may not cross a record boundary, i.e., each line should
be contained within a single record. Any space left over at the end of arecord after the
last line in that record should be set to al space characters.

The remainder of the record that contains the END statement is ignored. The data portion
of the file begins with the next record in sequence.

12.4.2 Attribute Assignment Statement

The attribute asignment statement is the most common type of statement in ODL and is used to
specify the value for an attribute of an object. The value may be a singular scalar value, an
ordered sequence of values, or an unordered set of values.

The attribute assignment statement may optionally contain a namespace_identifier. When a
namespace_identifier is prepended to the element_identifier statement, it indicates that the
element_identifier has alocal definition within the context indicated by the
namespace_identifier.

assignment_statement ::= attribute identifier = value

where attribute identifier::= element_identifier |
namespace_identifier:element_identifier

The syntax and semantics of values are given in Section 12.5.

Examples — Assignment Statements

RECORD_BYTES = 800
TARGET _NAME = JUPI TER
SOLAR _LATI TUDE = (0.25 <DEG>, 3.00 <DEG>)
FI LTER_NAME = {RED,
GREEN,
BLUE}

Examples — Assignment Statements that use namespace_identifier

CASSI NI : TARGET_NAME
MRO: SOLAR_LATI TUDE
VOYAGER: FI LTER_NANME

JUPI TER
(0.25 <DEG>, 3.00 <DEG>)
{ RED, GREEN, BLUE }
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12.4.3 Pointer Statement
The pointer statement indicates the location of an object.

pointer_statement :: = ~object_identifier = vaue

As with the attribute assignment statement, the value may be a scalar value, an ordered sequence
of values, or an unordered set of values.

A common use of pointer statements is to reference afile containing an auxiliary label. For
example:

ASTRUCTURE = " TABLE. FMI™

Thisis apointer statement pointing to afile named “TABLE.FMT” that contains a description of
the structure of the ancillary table from our sample label. Another use of the pointer statement is
to indicate the position of an object within another object. This is often used to indicate the
position of major objects within afile. The following examples are from the sample label in
Section 12.1:

N MAGE = 40
N MAGE_HI STOGRAM = 840
~ANCI LLARY_TABLE = 842

The first pointer statement above indicates that the image is located starting at the 40th record
from the beginning of the present file. If an integer value is used to indicate the relative position
of an object, the units of measurement of position are determined by the nature of the object. For
files, the default unit of measurement is records. Alternatively, a units expression can be
specified for the integer value to indicate explicitly the units of measurement for the position. For
example, this pointer:

N MAGE = 10200 <BYTES>

indicates that the image starts 10,200 bytes from the beginning of the file.

The object pointers above reference locations in the same files as the label containing the pointer.
Pointers may also reference either byte or record locations in data files that are detached, or
separate, from the label file:

N MAGE
"HEADER

("1 MAGE. DAT", 10)
("1 MAGE. DAT", 512 <BYTES>)

12.4.4 OBJECT Statement

The OBJECT statement begins the description of an object. The description typically consists of
a set of attribute assignment statements defining the values of the object’ s attributes. If an object
isitself composed of other objects, then OBJECT statements for the component objects are
nested within the object’ s description. There is no limit to the depth to which OBJECT
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statements may be nested.
The format of the OBJECT statement is:

object_statement = object = object_identifier
[statement |*
end_object [= object_identifier]

The object identifier gives a name to the particular object being described. For example, in afile
containing images of several planets, the image object descriptions might be named

VENUS IMAGE, JUPITER_IMAGE, etc. The object identifier at the end of the OBJECT
statement is optional, but if it appears it must match the name given at the beginning of the
OBJECT statement.

12.4.4.1 Implementation of OBJECT Statements

It is recommended that all software for writing ODL include the object identifier at the end as
well as the beginning of every OBJECT statement.

12.4.5 GROUP Statement

The GROUP statement is used to group together statements that are not components of a larger
object. For example, in afile containing many images, the group BEST_IMAGES might contain
the object descriptions of the three highest quality images. The three image objects in the
BEST_IMAGES group don’'t form alarger object: all they have in common is their superior
quality.

The GROUP statement is also used to group related attributes of an object. For example, if two
attributes of an image object are the time at which the camera shutter opened and closed, then the
two attributes might be grouped as follows:

GROUP = SHUTTER_TI MES
START = 12:30:42. 177
STOP = 14:01: 29. 265

END_GROUP = SHUTTER_TI MES

The format of the group statement is as follows:

group_statement ::= group = group_identifier
[statement] *
end_group [= group_identifier]

The group identifier gives a name to the particular group, as shown in the example for shutter
times above. The object identifier at the end of the GROUP statement is optional, but if it
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appears it must match the name given at the beginning of the GROUP statement. Groups may be
nested within other groups. There is no limit to the depth to which groups can be nested.

As opposed to the above ODL implementation, the PDS applies the following restrictions to the
use of GROUPS:

1. The GROUP structure may only be used in a data product label which also contains one
or more data OBJECT definitions.

2. A GROUP may not appear within any OBJECT other than an implicit or explicit FILE

OBJECT.

The GROUP statement must contain only attribute assignment statements, include

pointers, or related information pointers (i.e., no data location pointers).

GROUP statements may not be nested.

GROUP statements may not contain OBJECT definitions.

Only PSDD elements may appear within a GROUP statement.

The keyword contents associated with a specific GROUP identifier must be identical

across all labels of a single data set (with the exception of the “PARAMETERS’

GROUP, as explained .

w

No ok

Use of the GROUP structure must be coordinated with the responsible PDS discipline Node.

12.4.5.1 Implementation of GROUP Statements

It is recommended that all software for writing ODL include the group identifier at the end as
well as the beginning of every GROUP statement.

12.4.5.2 PDS Usage of GROUP

Although ODL includes the GROUP statement, the PDS does not recommend its use because of
confusion concerning the difference between OBJECT and GROUP.

12.5 Values
ODL provides scalar values, ordered sequences of values, and unordered sets of values.
value :: = scalar_value | sequence value | set_value
A scalar value consists of asingle lexical element:
scalar_value :: = numeric_value |
date time value |

text_string_value |
symbol_value
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The format and use of each of these scalar values are discussed in the sections below.

12.5.1 Numeric Values

A numeric scalar value is either a decimal or based integer number, or areal number. A numeric
scalar value may optionally include a units expression.

numeric_value:: =  integer [units_expression] |
based integer [units_expression] |
real [units_expression]

12.5.2 Units Expressions

Many of the values encountered in scientific data are measurements of something. In most
computer languages, only the magnitude of a measurement is represented, without the units of
measurement. ODL, however, can represent both the magnitude and the units of a measurement.
A units expression has the following format:

units_expression < units_factor [mult_op units factor] * >

units_factor = units_identifier [exp_op integer]
mult_op =*\/
exp_op =**

A units expression is always enclosed within angle brackets. The expression may consist of a
single units identifier like “KM” for kilometers, or “SEC”, for seconds (for example, “1.341E6
<KM>" or “1.024 <SEC>"). More complex units can also be represented; for example, the
velocity “3.471 <KM/SEC>" or the acceleration “0.414 < KM/SEC/SEC>". There is often more
than one way to represent a unit of measure. For example:

0.414 <KM SEC/ SEC>
0.414 <KM SEC** 2>
0.414 <KM* SEC** - 2>

are al valid representations of the same acceleration. The following rules apply to units
expressions:

The exponentiation operator can specify only a decimal integer exponent. The exponent
value may be negative, which signifies the reciprocal of the units. For example, “60.15
<HZ>" and “60.15 <SEC**-1>" are both ways to specify afrequency.

Individual units may appear in any order. For example, aforce might be specified as
either “1.55 <GM*CM/ SEC**2>" or “1.55 <CM* GM/SEC**2>"
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12.5.2.1 Implementation of Numeric Values

There is no defined maximum or minimum magnitude or precision for numeric values. In
general, the actual range and precision of numbers that can be represented will be different for
each kind of computer used to read or write an ODL-encoded label. Developers of software for
reading/writing ODL should document the following:

The largest magnitude positive and negative integers that can be represented

The largest magnitude positive and negative real numbers that can be represented

The minimum number of significant digits that a real number can be guaranteed to have
without loss of precision. Thisis to account for the loss of precision that can occur when
representing real numbers in floating point format within a computer. For example, a 32-
bit floating-point number with 24 bits for the mantissa can guarantee at most 6 significant
digits will be exact (the seventh and subsequent digits may not be exact because of
truncation and round-off errors).

If software for reading ODL encounters a numeric value too large to be represented, the software
must report an error to the user.

12.5.3 Text String Values

A text string value consists of atext string lexical element:

text_string_value :: = quoted_text

12.5.3.1 Implementation of String Values

A text string read in from alabel is reassembled into a string of characters. The way in which the
string is broken into lines in alabel does not affect the format of the string after it has been
reassembled. The following rules are used when reading text strings:

If aformat effector or a sequence of format effectors is encountered within a text string,
the effector (or sequence of effectors) is replaced by a single space character, unless the
last character is a hyphen (dash) character. Any spacing characters at the end of the line
are removed and any spacing characters at the beginning of the following line are
removed. This alows atext string inalabel to appear with the left and right margins set
at arbitrary points without changing the string value. For example, the following two
strings are the same:

“To be or not to be”

and

“Tobeor
not to be"
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If the last character on aline prior to aformat effector is a hyphen (dash) character, the
hyphen is removed with any spacing characters at the beginning of the following line.
This follows the standard convention in English of using a hyphen to break a word across
lines. For example, the following two strings are the same:

“The planet Jupiter is very big”
and

“The planet Jupi-
ter isvery big’

Control codes, other than the horizontal tabulation character and format effectors,
appearing within a text string are removed.

12.5.3.1.1 PDS Text String Formatting Conventions

The PDS defines a set of format specifiers that can be used in text strings to indicate the
formatting of the string on output. These specifiers can be used to indicate where explicit line
breaks should be placed, and so on. The format specifiers are:

\n Indicates that an end-of-line sequence should be inserted.

\t Indicates that a horizontal tab character should be inserted.

\f Indicates that a page break should be inserted.

\v Must be used in pairs, begin and end. Interpreted as verbatim.
\\ Used to place a backdash in atext string.

For example, the string

“Thisis the first line \n and thisis the second line.”

will print as:

Thisis the first line
and this is the second line.

Note: These format specifiers have meaning only when a text string is printed - not when the
string isread in or stored.

12.5.4 Symbolic Literal Values
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A symbolic value may be specified as either an identifier or a symbol string:

symbolic-value :: = identifier | quoted_symbol

The following statements assign attributes to symbolic values specified by identifiers:

TARGET_NAME = 10
SPACECRAFT_NAME = VOYAGER 2
SPACECRAFT_NAME = ' VOYAGER- 2'
SPACECRAFT_NAME = ' VOYAGER 2'
REFERENCE_KEY_|I D = SM TH1997
REFERENCE_KEY_| D = ' LAUREL&HARDY1997'

The quotes must be used if the symbolic value does not have the proper format for an identifier
or if it contains characters not allowed in an identifier. For example, the value ‘FILTER + 7’
must be enclosed within quotes, since this would not be alegal ODL identifier. Similarly, the
symbolic value ‘U13-A4B’ must be in quotes because it contains a special character (the dash)
not allowed in an identifier. There is no harm in putting a legal identifier within quotes. For
example:

SPACECRAFT _NAME = ' VOYAGER 2'
is equivalent to the second example in the list above.
Symbolic values may not contain format effectors, i.e., they may not cross a line boundary.

12.5.4.1 Implementation of Symbolic Literal Values

Symbolic values are converted to upper case on input. This means that alowercase string is
converted to the equivalent uppercase string; as in the following example:

Original string: SPACECRAFT _NANME
Converted string: SPACECRAFT_NANME

" Voyager _2'
" VOYAGER _2'

12.5.4.2 PDS Convention for Symbolic Literal Values

Since the current use of the ODL within the PDS does not require syntactic differentiation
between symbols and text strings, PDS prefers that double quotation marks (*) be used instead of
apostrophes around symbol strings.

12.5.5 Sequences
A sequence represents an ordered set of values. It can be used to represent arrays and other kinds
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of ordered data. Only one- and two-dimensional sequences are allowed.

sequence vaue :: = sequence_1D | sequence 2D
sequence 1D :: = (scalar_value [, scalar_value]*)
sequence 2D :: = ([sequence _1D] +)

A sequence may have any kind of scalar value for its members. It is not required that al the
members of the sequence be of the same type. Thus a sequence may represent a heterogeneous
record. Each member of a two-dimensional sequence is a one-dimensional sequence. This can be
used, for example, to represent a table of values. The order in which members of a sequence
appear must be preserved. There is no upper limit on the number of values in a sequence.

For example: AVERAGE_ECCENTRI CI TY =(0,1,2,3,4,5,9)

12.5.6 Sets
Sets are used to specify unordered values drawn from some finite set of values.

set vaue:: = {scalar_value[, scaar_value]*} | {}

Note that the empty set is alowed: The empty set is denoted by opening and closing brackets
with nothing except optional spacing characters or format effectors between them.

The order in which the members appear in the set is not significant and the order need not be
preserved when a set is read and manipulated. There is no upper limit on the number of valuesin
aset.

Example

FILTER NAME = { RED, BLUE, GREEN, HAZEL }

12.5.6.1 PDSRestrictionson Sets
The PDS alows only symbol values and integer values within sets.

12.6 ODL Summary
Character Set (Section 12.2)

ODL uses the 1SO 646 character set (the American version of the ISO 646 standard is ASCII).
The ODL character set is partitioned as follows:



character

letter
digit
specia_character

spacing_character

format_effector

other_character

integer
unsigned_integer
sign

based integer
extended _digit
radix

real

unscaled red

scaled red
exponent

date
year_doy
year_month_day
year

month

day

doy

time
local_time
utc_time
zoned_time
hour_min_sec
zone_offset
hour

minute

second

date time
quoted_text
guoted_symbol
identifier

Chapter 12. Object Description Language Specification and Usage

.. = letter | digit | special_character |
spacing_character | format_effector |
other_character

=A-Z|az

: 01112]|3]1415|6|7|8]9

{HICDI+I-1- 1" 1=

L # &N <] >

: : = gpace | horizontal tabulation

.. = carriage return | line feed |
form feed | vertical tabulation

=S| % ?7I@I[]]] |~

vertical bar | other control characters

Lexical Elements (Section 12.3)

;. = [sign] unsigned_integer
D= [digit]+
=4 | -
;= radix # [sign] [extended_digit]+ #
o =digit | letter
. : = unsigned_integer
.. =[sign] unscaled real | [sign] scaled real
. = unsigned_integer . [unsigned_integer] |
. unsigned_integer
:: = unscaled real exponent
.. = E integer | e integer
: . =year_doy | year_month_day
.. = yedr - doy
. . = year - month - day
: = unsigned_integer
. : = unsigned_integer
. . = unsigned_integer
. = unsigned_integer
.. = loca_time | utc_time | zoned_time
;= hour_min_sec
;. =hour_min_sec Z
> = hour_min_sec zone_offset
. > =hour : minute [ : second]
:» =dgn hour [ minute]
: = unsigned_integer
. 1 = unsigned_integer
. = unsigned_integer | unscaled real
c:=dateT time
= “[character]*”
. . = ‘[character]+
.. = letter [letter | digit | _letter | _digit ]*

12-23



12-24

Statements (Section 12.4)

| abel

statement

assignment_stmt

pointer_stmt
object_stmt

group_stmt

Values (Section 12.5)

value
scalar_value

numeric_value

units_expression
units _factor
mult_op

exp_op

date time vaue
text_string_value
symbolic_vaue
sequence value
sequence_1D
sequence 2D

set vaue
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= [statement]*
end

. » = assignment_stmt | pointer_stmt |

object_stmt | group_stmt

.. = element_identifier = value |

namespace_identifier:element_identifier = value

. : =" object_identifier = value
.. = object = object_identifier

[statement]*
end_object [= object_identifier]

. :=group = group_identifier

[statement]*
end_group [= group_identifier]

.. =scalar_value | sequence value| set_vaue
. : = numeric_vaue | date time value |

text_string_value | symbolic_value

= integer [units_expression] |
based_integer [units_expression] |
real [units_expression]

: : =<units_factor[mult_op units_factor]* >

units_identifier [exp_op integer]
* | /

**

date | time | date time

. . = quoted_text

= identifier | quoted_symbol

. : =sequence_ID | sequence 2D

—(scalar value [, scalar_value]*)
= ([sequence_ID]+)

o :{ scaar_value [,scalar_valuel* } | { }

12.7 Differences Between ODL Versions

This sectionsummarizes the differences between the current Version 2 of ODL and the previous
Versions 0 and 1. Software can be constructed to read all three versions of ODL, however it is
important that software for writing labels only write labels that conform to ODL Version 2.
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12.7.1 Differencesfrom ODL Verson 1

Version 1 labels were used on the Voyager to the Outer Planets CD-ROM disks and many other
data sets. Version 1 did not include the GROUP statement and had more restrictive definitions
for sets, which were limited to integer or symbolic literal values, and sequences, which were
limited to arrays of homogeneous values. The following sections detail non-compatible
differences and how they can be handled by software writers.

12.7.1.1 Ranges
Version 1 of ODL had a specific notation for integer ranges:

range_value :: = integer..integer

This notation is not allowed in ODL Version 2, though parsers may still recognize the ‘ double-
dot’ range notation. On output, a range is now encoded as a two value sequence, with the low-
value of the range being the first element of the sequence and the high- value being the second
element of the sequence.

12.7.1.1.1 Delimitersin Sequencesand Sets

In Version 1 the individual values in sets and sequences could be separated by a commaor by a
spacing character. As of Version 2, acommaiis required. Parsers may allow spacing characters
between values rather than commas. Software that writes ODL should place commas between all
values in a sequence or Set.

12.7.1.1.2 Exponentiation Operator in Units Expressions

In Version 1 of ODL the circumflex character () was used as the exponentiation operator in
units expressions rather than the two-asterisk sequence (**). Parsers may till allow the
circumflex to appear within units expressions as an exponentiation operator. Software for writing
ODL should use only the ** notation.

12.7.2 Differencesfrom ODL Verson O

Version 0 of ODL was developed for and used on the PDS Space Science Sampler CD-ROM
disks. The mgjor difference between this and subsequent versions is that Version 0 did not
include the OBJECT statement. All of the attributes specified in alabel described a single object:
the file that contained the label (or that was referenced by a pointer).

12.7.2.1 Date-Time Format

ODL Version 0 was produced prior to the space community's acceptance of the ISO/DIS 8601
standard for dates and time and it uses a different date and date-time format. The format for
Version 0 dates and date-times is as follows:
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date :: = year / month / day_of _month |year / day_of year
date time .. = date - time zone
zone ;o =< identifier>

The options for time specification in ODL Version O are a subset of thosein Version 2.
Consequently, parsers that handle Version 2 time formats will aso handle Version O times.

12.7.3 ODL/PVL Usage

The concept for a Parameter Value Language/Format (PVL) is being formalized by the
Consultative Committee for Space Data Systems (CCSDS). It is intended to provide a human
readable data element/value structure to encode data for interchange. The CCSDS version of the
PVL specification isin preliminary form.

Some organizations that deal with the PDS have accepted PVL as their standard language for
product labels. PVL isasuperset of ODL, so some PVL constructs are not supported by the PDS.
In addition, some ODL constructs may be interpreted differently by PVL software.

The ODL/PVL usage standard defines restrictions on the use of ODL/PVL in archive quality
data sets. These restrictions are intended to ensure the compatibility of PVL with ODL and
existing software.

1. A labe constructed using PVL may be attached - embedded in the same file as the
data object it describes, or detached - residing in a separate file and pointing to the
data file the label describes.

2. All statements must be terminated by a <CR> <L F> pair. Semicolons may not be
used to terminate statements.

3. Only adphanumeric characters and the underscore character may be used in data ele-
ments and undelimited text values (literals). In addition, data elements and
undelimited text values must begin with a letter.

4. Keywords must be 30 characters or lessin length.

5. Keywords and standard values must be in upper case. Literals and strings may bein
upper case, lower case, or mixed case.

6. Comments must be contained on a single line, and a comment terminator (*/) must
be used. Comments may not be embedded within statements. Comments may not be
used on the same line as any statement if the comment precedes the statement.
Comments may be on the same line as a statement if the comment follows the
statement and is separated from the statement by at least one white space, but thisis
not recommended.



Chapter 12. Object Description Language Specification and Usage 12-27

10.

11.

12.

13.

14.

15.

Text values that cross line boundaries must be enclosed in double quotation marks

(")

Values that consist only of letters, numbers, and underscores and that begin with a
letter may be used without quotation marks. All other text values must be enclosed
in either single (* ') or double (* ") quotation marks.

Sequences are limited to two dimensions. Null (empty) sequences are not allowed.
Sets are limited to one dimension. In other words, sets and sequences may not be
used inside a set.

Only the OBJECT, END_OBJECT, GROUP and END_GROUP aggregation mark-
ers may be used.

Unit expressions are only allowed following numeric values (i.e.,
“DATA_ELEMENT =7 <BYTES>" isvdid. but “DATA_ELEMENT = MANY
<METERS>" is not).

Unit expressions may include only alphanumeric characters, the underscore, and the
symbols “*”, “/7, “(”,*)", and “**” (the last representing exponentiation).

Signs may not be used in nortdecimal numbers (i.e., “2#10001#" is valid, but
“-2#10001#" and “2#-10001#" are not). Only the bases 2, 8, and 16 may be used for
non-decima numbers.

Alternate time zones (e.g., YYYY-MM-DDTHH:MM:SS.SSS + HH:MM) may not
be used. The only alowed time format isYYYY-MM-DDTHH:M M:SS.SSS.

Valuesin integral parts of dates and times must be padded on the left with zeroes as
necessary to fill the field. In other words, the first of April in the year 2001 must be
written as “2001-04-01", not “2001-4-1"

16. AnEND statement must conclude each ODL/PVL statement list.

The following are guidelines for formatting ODL/PVL expressions.

1.

2.

The assignment symbol (=) must be surrounded by blanks.
Assignment symbols (=) should be aligned if possible.

Keywords placed inside an aggregator (OBJECT or GROUP) must be indented with
respect to the OBJECT and END_OBJECT or GROUP and END_GROUP state-
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ments which enclose them.

PDS label lines must be 80 characters or lessin length, including the end-of-
statement (i.e., <CR> <LF>) delimiter. (Note that while 80 characters can be
displayed on most screens, some editors and databases will wrap or truncate lines
that exceed 72 characters.)

Horizontal tab characters may not be used in PDS labels. Although both ODL and
PVL allow the use of these characters some simple parsers cannot handle them. The
equivalent number of space characters should be used instead.
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Chapter 13. PDS Objects/ Groups

The Planetary Data System has designed a set of standard Objects and Groupsto be used for
submitting catalog object information as well as for labeling data products. These standard
Objects and Groups, along with definitions of individual keywords comprising those Objects and
Groups, are defined in the Planetary Science Data Dictionary. In addition, Object and Group
definitions and examples are also included in Appendix A and Appendix B of this document.

13.1 Generic and Specific Data Object Definitions

For each type of data object that PDS has defined (i.e., IMAGE, TABLE, etc.), there are two
categories of definitions: generic and specific. A generic object definition is the universal
definition of an object, or superset of keywords that can be used. A specific object definition isa
subset of keywords used for a particular data product to allow effective use of validation tools.

Generic object definitions are designed and approved by the Planetary Data System, and defined
in the Planetary Science Data Dictionary. Each object definition lists the elements and sub-
objects required to be present each time the object is used in a product label. The dictionary
definition also provides alist of additional, optional keywords that are frequently used by data
preparers. Finally, note that any element defined in the PSDD may be included as an optional
element in any object definition, at the discretion of the data preparer.

A specific object definition is defined for a particular data product and is based on asingle
generic object. The data preparer, in consultation with a data engineer, combines all the required
elements of that object with a set of optional elements selected for their relevance to the data at
hand. The result is a specific object definition. This definition is subject to approval during a
design review.

The following examples illustrate the evolution from the generic IMAGE object to a specific
IMAGE object, followed by an instance of that specific IMAGE. Note that when a specific
object definition is created and used, the usage must be consistent for al labels using that object.

OBJECT = GENERI C_OBJECT_DEFI NI TI ON

NAVE = | MAGE

STATUS_TYPE = APPROVED

STATUS_NOTE ="V2.1 1991-01-20 MM New Data Object Definition"
DESCRI PTI ON ="An inmage object is a regular array of sample

val ues. |Image objects are normally processed with special display tools to

produce a visual representation of the sanple values. This is done by assigning
brightness | evels or display colors to the various sanple values. |mages are
conposed of LINES and SAMPLES. They may contain nultiple bands, in one of
several storage orders.

Note: Additional engineering values may be prepended or appended to each LINE
of an image, and are stored as concatenated TABLE objects, which nust be naned
LI NE_PREFI X and LI NE_SUFFI X. | MAGE obj ects may be associated with other

obj ects, including H STOGRAMs, PALETTEs, H STORYs and TABLEs which contain
statistics, display paraneters, engineering values or other ancillary data."
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SQURCE_NAVE = "PDS CN' M MARTI N'
REQUI RED_ELEMENT SET = { LI NE_SAVPLES,
LINES, SAMPLE BITS,
SAVPLE_TYPE}
OPTI ONAL_ELEMENT _SET = { BAND_SEQUENCE,

BAND_STORAGE_TYPE,
BANDS, CHECKSUM DERI VED MAXI MUM
DERI VED_M NI MM DESCRI PTI ON,
ENCODI NG_TYPE, FI RST_LI NE,
FI RST_LI NE_SAVPLE, | NVALI D,
LI NE_PREFI X_BYTES, LI NE_SUFFI X_BYTES, M SSI NG
OFFSET, SAMPLE BI T_MASK, SAMPLI NG FACTOR,
SCALI NG FACTOR, SOURCE_FI LE_NAME,
SOURCE_LI NES, SOURCE_LI NE_SAMPLES,
SOURCE_SAMPLE_BI TS, STRETCHED FLAG,
STRETCH_MAXI MUM STRETCH M NI MUM  PSDD}

REQUI RED_OBJECT_SET = "NA"

OPTI ONAL_OBJECT_SET = "NA

OBJECT_CLASSI FI CATI ON_TYPE = STRUCTURE

OBJECT = ALIAS

NAVE ="NA

USAGE_NOTE = "N A"

END_OBJECT = ALI AS

END_OBJECT = GENERI C_OBJECT_DEFI NI TI ON

This next exampleillustrates an IMAGE object definition being used for a specific case.

OBJECT = SPECI FI C_OBJECT_DEFI NI TI ON

NANVE = XYZ_| MAGE

STATUS_TYPE = APPROVED

STATUS_NOTE = "V2.1 1991-02-10 TMA New specific data object
definition"

DESCRI PTI ON = "The XYZ inage is..."

SOURCE_NANMVE "PDS CN' M MARTI N'

REQUI RED_ELEMENT_SET {LI NE_SAMPLES, LINES, SAVPLE BI TS,
SAVPLE_TYPE, SAMPLI NG FACTOR,
SOURCE_FI LE_NAME,

SOURCE_LINES, SOURCE_LI NE_SAVPLES,
SOURCE_SAMPLE_BI TS, FIRST_LI NE,

FI RST_LI NE_SAMPLE}

OBJECT_CLASSI FI CATI ON_TYPE = STRUCTURE

OBJECT = ALI AS
NAMVE = "NA
USACE_NCTE = "NA"
END_OBJECT = ALI AS
END_OBJECT = SPECI FI C_ OBJECT_DEFI NI TI ON

13.1.1 Primitive Objects

Generic objects have a subclass called primitive objects that includes the ARRAY,,
COLLECTION, ELEMENT, and BIT_ELEMENT objects. The primitive objects are used as the
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building blocks for describing very irregular data that cannot be accommodated by any other
generic object. If at all possible, standard, well-supported generic objects (such as TABLE and
IMAGE) should be used to describe archival data.
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13.2 Generic and Specific Data Group Definitions

For each type of data Group that PDS has defined (i.e., PARAMETERS, etc.), there are two
categories of definitions: generic and specific. A generic group definition is the universal
definition of a group, or superset of keywords that can be used. A specific group definition isa
subset of keywords used for a particular data product to allow effective use of validation tools.

Chapter 13. PDS Objects

Aswith OBJECTSs (see PDS Standards Reference, section 13.1), there are two categories of
GROUPs, generic and specific. The generic GROUP is the universal definition of the GROUP,
specified in an appendix of the Standards Reference. The specific GROUP is an implementation
of the generic GROUP for a particular data set. Shown below is a generic GROUP definition,

and then anexample of an instance of that GROUP in a data product.

OBJECT

NAVE
STATUS_TYPE
STATUS_NOTE
DESCRI PTI ON

SOURCE_NAME
REQUI RED_ELEMENT SET

OPTI ONAL_ELEMENT_SET =

OBJECT
NANE

USAGE_NOTE
END_OBJECT

END_OBJECT

GENERI C_GROUP_DEFI NI TI ON
CAVERA_MODEL
PENDI NG

"V1.0 2001-07-09 EDR New G oup Definition"
"A canera nodel group is a collection of paraneters
necessary to fully describe the geonetric characteristics of a canera system™

"PDS | MJ E. RYE'

CAVERA MODEL_TYPE,
CAVERA_MODEL_DESC, CALI BRATI ON_SOURCE_I D,
GEOVETRY_SOURCE_| D, COORDI NATE_SYSTEM NAME,
MODEL_COMPONENT | D, MODEL_COMPONENT _NAME,

MODEL_COVPONENT_UNI T_I D}
{ MODEL_ COMPONENT_1_VECTOR,
MODEL__COVPONENT_2_VECTOR,
MODEL_COVPONENT _3_VECTOR,
MODEL_COVPONENT _4_VECTOR,
MODEL_COMPONENT _5_VECTOR,
MODEL_COVPONENT _6_VECTOR,
MODEL_COVPONENT_7_VECTOR,

ALl AS
IIMAII
III\VAII
ALl AS

GENERI C_GROUP_DEFI NI TI ON

An example of using a GROUP follows:

GROUP
CAVERA MODEL_NANE
CAVERA MODEL_TYPE
ACAVERA_MODEL_DESC

CALI BRATI ON_SOURCE_| D
GEOVETRY_SOURCE_| D
COORDI NATE_SYSTEM NAVE
MODEL_ COVPONENT _| D
MODEL_COVPONENT _NANVE

MODEL_COMPONENT _UNI T_I D

CAMERA _MODEL

"M PS-0"

" CAHV. ASC'

" UCOFA- BACKLASH"

" TELEMETRY"

" | MP- CAMERA"

(C A H V)
("CENTER', "AXI S",
"HORI ZONTAL", "VERTI CAL")
("m', "none", "pixel",

{ CAVERA_MODEL_ NAME,

PSDD}

"pixel")
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MODEL_COMPONENT _1_VECTOR
MODEL_COMPONENT _2_VECTOR
MODEL_COMPONENT_3_VECTOR
MODEL_COMPONENT_4_VECTOR
END_OBJECT

(3.469, 14.593, 8.937)

(0.351, 0.758, 17.932)

(14.020, 15.336, 23.714)
(27.423, 3.719, 16.426)
CAMVERA MODEL

In order to facilitate the inclusion of multiple instances of keywords within data product labels
without requiring awhole host of new GROUPSs, there is a special GROUP called the
PARAMETERS GROUP. It has no required elements, and the set of all elementsin the PSDD as
its optional element set.

OBJECT = CGENERI C_GROUP_DEFI NI TI ON
NAME = PARAMETERS
STATUS_TYPE = PENDI NG
STATUS_NOTE ="V1.0 2001-07-09 EDR New G oup Definition"
DESCRI PTI ON = "The paraneters group provi des a nmechani sm for
Grouping nultiple sets of related paraneters
within a data product |abel."
SOURCE_NAME ="PDS | MJ E. RYE"
REQUI RED_ELEMENT_SET = {}
OPTI ONAL_ELEMENT _SET = { PSDD}
OBJECT = ALI AS
NAVE ="N A
USAGE_NOTE = "NA"
END_OBJECT = ALI AS
END OBJECT = CGENERI C_GROUP_DEFI NI TI ON
For example:
GROUP = COVMANDED_| NST_PARAMETERS
SHUTTER_MODE = "BOTsI M
FI LTER_NUMBER =5
FI LTER_NAMVE ="L570- R570"
EXPOSURE_DURATI ON =1.05
END OBJECT = COVMANDED | NST_PARAMETERS
GROUP = TELEMETRY_I NST_PARAMETERS
SHUTTER_MODE = "AUTO'
FI LTER_NUMBER =0
FI LTER _NAME = "CLEAR'
EXPOSURE_DURATI ON =0.773
END_OBJECT = TELEMETRY_I| NST_PARAMETERS

13.2.1 Implementation of Group Statements
PDS applies the following restrictions to the use of GROUPS:
1. The GROUP structure may only be used in a data product label which also contains one

or more data OBJECT definitions.
2. A GROUP may not appear within any OBJECT other than an implicit or explicit FILE
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OBJECT.

The GROUP statement must contain only attribute assignment statements, include
pointers, or related information pointers (i.e., no data location pointers).

GROUP statements may not be nested.

GROUP statements may not contain OBJECT definitions.

Only PSDD elements may appear within a GROUP statement.

The keyword contents associated with a specific GROUP identifier (e.g.,
CAMERA_MODEL) must be identical across al |abels of a single data set.

w

No ok

Usage of a GROUP structure must be coordinated with and approved by the responsible PDS
discipline Node.

Descriptors may be pre-pended to any generic Group name to produce, and distinguish between,
specific instances of the generic group (i.e., any generic Group name may be preceded with a
qualifier to uniquely identify the specific instance of the generic Group). For example, the
generic PARAMETERS Group could have specific instances of “A_PARAMETERS’,
“B_PARAMETERS’, etc. Pre-pending a descriptor to the generic instances alows multiple
instances of the Group to be repeated within a single label.

The specific GROUP is an implementation of the generic GROUP for a particular data set and
must be consistent in its structure (i.e., use the same set of keywords) across the data set. For
example, the PARAMETERS Group may consist of any keywords defined within the PSDD.

In the following examples, the TELEMETRY _GEOMETRY_PARAMETERS Group consists of
three keywords and the CORRECTED_GEOMETRY_PARAMETERS Group consists of three
keywords. Inthis case, both specific instances use the same keywords but could consist of
different sets of keywords. Both instances can be collocated within a single data product label.
But, each instance across the dataset must contain the same set of keywords.

GROUP
GEOVETRY_SOURCE_| D
| NSTRUVENT _AZI MUTH
| NSTRUVENT _ELEVATI ON
END_OBJECT

TELEMETRY_GEQOVETRY_PARAMETERS
" TELEMETRY"

35. 6 <DEGREES>

-15. 4 <DEGREES>
TELEMETRY_GEOVETRY_PARAMETERS

GROUP
GEOMVETRY_SOURCE_| D
| NSTRUVENT _AZI MUTH
| NSTRUVENT _ELEVATI ON
END_OBJECT

CORRECTED_GEOVETRY_PARAMETERS
"M PS_MPFMOS"

35. 9 <DEGREES>

-15. 5 <DEGREES>
CORRECTED_GEOVETRY_PARAMETERS

GROUP
GEOVETRY_SOURCE_| D
| NSTRUVENT _AZI MJTH 35. 8 <DEGREES>
| NSTRUVENT _ELEVATI ON -15. 6 <DEGREES>

END_OBJECT = CORRECTED GEOVETRY_PARAMETERS

CORRECTED_GEOVETRY_PARAMETERS
" UOFA- BACKLASH'

In the near term, the only validation requirements for GROUPs will be that al the elements
present in a GROUP must be present in the PDS Data Dictionary. Inthe future, it is hoped that
the contents of the GROUPs will also be validated against their generic GROUP specifications.
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Thiswould be to ascertain that al the required elements of a particular GROUP are present and
that no elements are present that are not specified in the set of required and optional elements.
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Chapter 14. Pointer Usage

Pointers are used within PDS labels to indicate the relative locations of objects in the same file
and to reference external files. Pointer statements begin with a caret (“”) and the name of aPDS
object or element. The value part of the pointer statement indicates the location of the referenced
information.

14.1 Typesof Pointers

Pointer statements fall into three main categories: data location pointers, include pointers, and
related information pointers.

14.1.1 Data Location Pointers (Data Object Pointers)

The most common use of pointersis for linking object descriptions to the actual data. The syntax
of these pointers depends on whether the label is attached or detached from the data it describes.
There are five forms for the value fields, as shown in these examples:

()  ANMAGE =12

(2) ANMAGE = 600 <BYTES>

(3) ANDEX_TABLE  ="INDEX.TAB"

(4  ~SERIES = ("C100306.DAT", 2)

(5) ~SERIES = ("C100306.DAT", 700 <BY TES>)

Examples (1) and (2) are pointersin attached labels. This type of pointer allows reading software
to scan the label for the appropriate pointer and then skip right to the data at its location
elsewhere in the file. In the first case, the data begin at record 12 of the labeled file. In the
second, the data begin at byte 600.

External datafiles are referenced in examples (3), (4) and (5). Since these pointers occur in
detached labels, they must identify afile name and (optional) offset. In example (3), the data
begin at record 1 of the datafile “INDEX.TAB” (i.e., no explicit offset is taken as an offset of
“1"). Inexample (4), the data begin at record 2 of the data file, "C100306.DAT", whereasin
example (5), the data begin at byte 700.

14.1.2 Include Pointers

Another common use of pointersis to reference externa filesin PDS labels or catalog objects.
Files referenced by include pointers are included directly at the location of the pointer statement.
These pointers are classified as include-type pointers since they act like the “#include’
statements in C program source files.  STRUCTURE, CATALOG, and MAP_PROJECTION
pointers fall into this category. Following are some examples of include pointer statements:

(1) ASTRUCTURE ="ENGTAB.FMT"
2 ASTRUCTURE ="IMAGE.FMT"
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(3) ~CATALOG ="CATALOG.CAT"
(4 ~DATA_SET_MAP_PROJECTION ="DSMAPDIM.CAT"

The structure file in example (1) is referenced by a TABLE object. The “ENGTAB.FMT” file
contains column object definitions needed to complete the TABLE definition. Some column
definitions might be stored in a separate file if, for example, a number of different TABLE
objects use the same definitions. Similarly, in example (2) an IMAGE object definition (i.e., all
statements beginning with “OBJECT = IMAGE” and ending with “END_OBJECT = IMAGE")
is contained in an external file called “IMAGE.FMT".

In example (3), the externa file “CATALOG.CAT” isreferenced by a VOLUME object in order
to provide afull set of catalog information associated with the volume without having to
duplicate definitions that already exist in the other file.

In example (4), the externa file “DSMAPDIM.CAT” is referenced by an
IMAGE_MAP_PROJECTION object to complete the map projection information associated
with the image.

14.1.3 Related Information Pointers (Description Pointers)

The third and final use of pointers occursin PDS labels that reference external files of additional
documentation of specia use to human readers. These pointers are formed using elements that
end in “DESCRIPTION” or “DESC”. They reference text files not written in ODL. Note: These
pointers are not meant to be used to refer to software tools.

For example:

ADESCRIPTION ="TRK_2 25.ASC"
In this example, the pointer references an external ASCII document file, TRK_2 25.ASC, which
provides a detailed description of the data. Note that in this case the documentation file must

have its own PDS label, since the label containing the "DESCRIPTION pointer describes the
contents of a different file.
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14.2 Rulesfor Resolving Pointers
Following are the rules for resolving pointer references to external files (see the Volume
Organization and Naming chapter in this document for information about physical and logical
volume structures):
For a pointer statement in FILE_A:

(@D} Look in the same directory as FILE_A

(2a)  For asingle physica volume (no logical volumes), look in the following top level

directory:
Pointer Directory
ASTRUCTURE LABEL
"CATALOG CATALOG
"DATA_SET_MAP PROJECTION CATALOG*
ANINDEX_TABLE INDEX
"DESCRIPTION or "TEXT DOCUMENT

(2b)  Within a logical volume, look in the top level subdirectory specified by the
LOGICAL_VOLUME_PATH_NAME keyword:

Pointer LOGICAL_VOLUME_PATH_NAME/
Directory
ASTRUCTURE LABEL
"CATALOG CATALOG
"DATA_SET_MAP_PROJECTION CATALOG*
ANDEX_TABLE INDEX
ADESCRIPTION or "TEXT DOCUMENT

* Note: For volumes using PDS Version 1 or 2 standards, the MAP_PROJECTION files
may be located in the LABEL directory

All pointers to data objects should be resolved in step (1), since these files are always required to
be located in the same directory as the label file.
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Chapter 15. Record Formats

The choice of proper record format for a datafile is influenced by a number of factors. In
general, the PDS strongly recommends a record format of fixed-length or stream be used
whenever possible to ensure transportability across operating systems and computer platforms
and to avoid potential difficulties with interpretation of the underlying data. Records of type
FIXED_LENGTH are required for ASCII files described by TABLE Objects. Records of type
VARIABLE LENGTH may be used in cases where storage efficiency is a magjor consideration,
as, for example, in storing compressed images. Records of type STREAM should be used for text
files for ease of transportation to various computer systems. Input/output operations with stream
files will generally use string-oriented access, retrieving one delimited record from the file each
time.

The RECORD_TY PE element in the PDS label indicates the format of the records in the
associated data file (attached or detached).

Table 15.1: Recommended Record Formats

RECORD_TYPE= RECORD_TYPE=STREAM | RECORD_TYPE=VARIABLE
FIXED LENGTH

Data format BINARY, ASCII ASCII BINARY

Environment STRUCTURED AD HOC STRUCTURED (VAX/VMYS)

Data volume LARGE SMALL, MEDIUM VERY LARGE

Input / Output READ / WRITE STRING I/O CUSTOM, SPICE

15.1 FIXED_LENGTH Records

Records of type FIXED_LENGTH normally use a physical record length (RECORD_BY TES)
that corresponds directly to the logical record length of the data objects (that is, one physical
record for each image line, or one physical record for each row of atable). In some cases, logical
records are blocked into larger physical records to provide more efficient storage and accessto
the data. Thisblocking is still an important consideration when storing data on magnetic tape,
(which requires a gap on the tape between records), but is not generally a consideration in data
sets stored on magnetic or CD-ROM disks. In other cases, the physical record length is
determined by compatibility with external systems or standards, as in FITS-formatted files.

The PDS strongly recommends using a physical record length that matches the logical record
length of the primary data object in the file for greatest compatibility with application software.
In the datalabel, RECORD_BY TES defines the physical record length.

Figure 15.1 illustrates the physical and logical structure used to build a standard PDS
FIXED_LENGTH file.
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Physical Structure Logical Structure
<— Record Bytes = 1204 >
Label Record 1 Lable ling 1 <cr lf> Label line 2 <cr If> ...
Label Record 2 Label line 59 <cr If= Label line 60 <cr If> | Blank fill
Histogram Rec 256 32 bit integers Blank fill
Eng Table Rec eng data Bilank fill
Line Hdr Rec 1
Line Hrd Rec 2
Line Hdr Rec 55 T | Biank il
Line Rec 1
Line Rec 2
Line Rec 1056 | |

Figure 15.1 Physical and Logical Structure for Fixed Length Files

15.2 STREAM Records

The STREAM record type is reserved for ASCII text files. The records must be delimited by the
two-character (carriage return, linefeed) sequence (“<CR><LF>" or “CR/LF"). Thisis the same
record delimiter used for al PDS label and catalog files.

All major operating systems recognize one of either the carriage return, the line feed, or the
CR/LF sequence as an ASCII record delimiter; thus, <CR><LF> will work in al cases. There are
utilities available for Macintosh (Apple File Exchange) and Unix (tr trandation utility) systems
to remove the unneeded extra control character.

Note that the STREAM record type should only be used in those cases where the data contain
delimited ASCII records that are not of fixed length. The FIXED_LENGTH specification should
be used wherever possible.

15.3 VARIABLE_LENGTH Records

PDS data files using the VARIABLE_LENGTH record type must use the VAX/VMS counted
byte string format. That is, each record string is preceded by a two-byte L SB integer containing
the length of the record. The records may not contain carriage control characters.

The use of the VARIABLE_LENGTH record type is discouraged because of its inherent
dependence on a priori knowledge of the record structure for proper reading and writing.
Notwithstanding, VARIABLE _LENGTH records may be used in the following circumstances:

When supporting software, which can be executed on avariety of hosts, is provided aong
with the data. For example, the Voyager CD-ROM disks cortain variable- length
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compressed images along with a decompression program that can be compiled and
executed on VAX, PC, Macintosh and UNIX platforms. The decompression program
reformats the data into a variety of forms.

When the files are intended for use only in a specific environment that supports the
selected record structure. For example, the Viking Infrared Therma Mapper (IRTM)
CDROM uses a VAX/VMS variable-1ength record format for software and command
files. Note, however, that such proprietary formats are generally inappropriate for PDS
deep archiving purposes and should be vigorously avoided in archive volumes.

15.4 UNDEFINED Records

Records with an undefined record type have no specific record structure. For files with attached
labels, the label portion should be written using the STREAM conventions described above.
When the record type is designated UNDEFINED, no record terminators are recognized and no
record length is implied; the data are taken to be a continuous stream of bytes.

The use of the UNDEFINED record type when referring to a single data file is strongly
discouraged. “RECORD_TYPE = UNDEFINED” is properly used in cases where a single label
points to two or more different data files with different record types (i.e., one file with STREAM
records and another with VARIABLE_LENGTH records).
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record format, 15-2
data files
record format, 15-1
record formats, 15-1
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VAX counted byte strings, 15-2
RECORD_TYPE, 15-1
STREAM, 15-2
UNDEFINED, 15-3
VARIABLE LENGTH, 15-2
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Chapter 16. SFDU Usage

This standard defines restrictions on the use of Standard Formatted Data Units (SFDUS) in
archive quality data sets. PDS does not require that data products be packaged as SFDUs.
However, if data products are packaged as SFDUS, the following standards apply.

The Consultative Committee for Space Data Systems (CCSDS) has prepared a recommendation
for the standardization of the structure and construction rules of SFDUs for the interchange of
digital space-related data. An SFDU is a type-length-value object. That is, each SFDU consists
of: atype identifier which indicates the type of data within the SFDU; a length field which either
states the length of the data or indicates how the data are delimited; and a value field which
contains the actual data. Both the type and the length fields are included in a 20-byte label, called
an SFDU label in this document. The value field immediately follows the 20-byte SFDU Label.
For PDS data products, this value field is the PDS label, including one or more data object
definitions.

There are three versions of SFDUSs. In Version 1, the length of an SFDU is represented in binary.
In Version 2, the length could also be represented in ASCII. In Version 3, the length can be
represented in binary, ASCII, or using one of several delineation techniques. Unless previously
negotiated, all PDS data prodicts packaged as SFDUs must be constructed using Version 3
SFDU Labels.

A Version 3 SFDU label consists of the following parts:

) Control Authority 1D 4 Bytes
2) Version ID 1 Byte
3) Class1D 1 Byte
4) Déelimiter Type 1 Byte
5) Spare 1 Byte
6) Description Data Unit 1D 4 Bytes
7) Length 8 Bytes

The Control Authority ID and the Description Data Unit ID together form an identifier called an
Authority and Description Identifier which points to a semantic (Planetary Science Data
Dictionary, in the PDS case) and syntactic (Object Definition Language, 2.0) description of the
value field. . The Data Description Unit ID varies by data product type. It is supplied by the JPL
Control Authority and is usually documented in the science data product Software Interface
Specifications (S1S).

Version 3 alows delimiting of SFDUs either by end-of-file or by start and end markers rather
than by explicit byte counts. Further details of the SFDU architecture will not be discussed here.
Other sources of information can be found in the SFDU References listed in the Introduction to
this document.
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Since archive quality data sets are internally defined, only a limited set of SFDU labels are used
to identify the files on a data volume in order to simplify not only the archive products
themselves, but aso the processing of those products by software. PDS labels are included in the
data products, and the information in these PDS labels are considered more than adequate for
data identification and scientific analysis.

PDS does not require SFDU labels in its archive products. However, SFDU labels can be
accommodated in PDS products when they are required by projects or other agencies concerned
in the preparation of the data. The standard use of SFDUs in PDS labels from current missions
and data restorations is different from the use of SFDUs in data products from upcoming
missions fully supported by the Jet Propulsion Laboratory’ s Advanced Multi-Mission Operations
System (AMMOS). The following sections define the standards for including SFDUs in each
case.

Two SFDU organizations are allowed in PDS data products. The first organization (the ZI
Structure) has been used historically in PDS data products from restoration and past missions.
The second organization (the ZK1 organization) is required for data products that pass through
the JPL Advanced Multi- Mission Operations System (AMMOQOS) project database.

16.1 TheZl SFDU Organization

Any PDS data products packaged as SFDUs that are not required to pass through the AMMOS
project database as part of an active mission may use the following SFDU organization.

Each instance of a data product (file) in a data set must include two (and only two) SFDU labels.
These areaZ Class SFDU label and an | Class SFDU label. The two SFDU labels are
concatenated (i.e. Z, then 1) and left justified in the first line or record of the PDS label for each
dataproduct. (SeeFigure 16.1.) In the case of data products with detached PDS labels, the two
SFDU labels must appear in the first record of the PDS label files and no SFDU labels appear in
the data object files. (See Figure 16.2.)

Z 1
PDS LABEL
FILE
END
DATA OBJECT
EOF
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Figure 16.1 Attached PDS Label Example for non-AMMOS compatible products

z |
FILE PDS LABEL
END EOF
FILE DATA OBJECT
EOF

Describes

Figure 16.2 Detached PDS Label Example for non-AMMOS compatible products

The first SFDU label must be a Z Class Version 3 SFDU label. “Z Class’ indicates that the value
field (everything after the first 20 bytes) is an aggregation. In this case, the aggregation consists
of only the | Class SFDU. This label also indicates that the delimiter type is End-of-File and that
this SFDU (data product) is terminated by a single End-of-File. It is formed as follows:

1) Control Authority ID
2) Version ID

3) ClassID
4) Delimiter Type
5) Spare

6) Description Data Unit 1D
7) Length Field

Example: CCSD3ZF000010000000l

CCSD

3

Z

F

0

0001
00000001

The second SFDU label must be an | Class Version 3 SFDU label. “Class |” indicates that the
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value field (everything after the second 20 bytes) is application data, i.e., the PDS label and the
data object(s). The Data Description Unit ID of “PDSX” indicates that the data product uses the
Object Description Language (ODL) syntax and the Planetary Science Data Dictionary
semantics to present descriptive information. This SFDU label aso indicates that the SFDU (data
products) will be terminated by a single End-of-File. It is formed as follows:

1) Control Authority ID NJPL

2) Version ID 3

3) Class D |

4) Delimiter Type F

5) Spare 0

6) Description Data Unit ID PDSX

7) Length Field 00000001

Example: NJPL 31FOPDSX0000000!

CCSD3ZF0000100000001NJPLIFOPDSX00000001 <CR> <LF>
PDS_VERSION_ID = PDS3 <CR>» <LF>

RECORD _TYPE = STREAM <CR> <LF>

RECORDS = 100 <CR=> <LF=>

EMD <CR> <LF>
DATA OBJECT

EOF

Figure 16.3: SFDU Example

The two SFDU labels are concatenated and |eft justified in the first line or record of the PDS
label. Note that there are no characters between the two SFDU labels. See Figure 16.3.

For RECORD_TYPE = STREAM or FIXED_LENGTH or UNDEFINED, the concatenated
SFDU labels must be followed immediately by <CR><LF>. For data products that have
RECORD_TYPE =VARIABLE_LENGTH, the two SFDU labels may not be followed by
<CR><LP>.

STREAM example CCSD3ZF000010000000INJPL 3IFOPDSX 00000001 <CR><LF>
FIXED_LENGTH Example CCSD3ZF000010000000INJPL 31 FOPD SX 0000000l <CR><LF>
VARIABLE_LENGTH Example CCSD3ZF000010000000INJPL 31FOPDSX 0000000l
UNDEFINED Example CCSD3ZF0000I0000000INJPL 31 FOPD SX 0000000l <CR><L F>
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The remainder of the PDS label begins on the next line or record. The last line of the PDS label
contains the END statement. Then, if the PDS Label is attached, the data object begins on the
next record. If the PDS label is detached, the END statement is the last line of the file.

16.2 TheZKI SFDU Organization

Any PDS data products packaged as SFDUs that are required to pass through the AMMOS
project database as part of an active mission must use the following SFDU organization. All data
products of this type are assumed to have attached PDS labels.

Each instance of a data product (file) in a data set must include four (and only four) SFDU

labels. These are: the Z Class SFDU label; the K Class SFDU labd; the End-Marker labdl for the
K Class SFDU; and the | Class SFDU label. The Z and K Class SFDU labels are concatenated
(i.e, Z, then K) and left justified in the first line or record of the PDS label for each data product.
The End-Marker for the K Class SFDU label and the | Class SFDU label areright justified on the
last record of the PDS label (following the END statement). See Figure 16.4.

Y K##
PDS LABEL
FILE END EOK | I
DATA OBJECT
EOF

Figure 16.4: PDS Label Example for AMMOS compatible products

The first SFDU label must be aZ Class Version 3 SFDU label. The Z Class indicates that the
value field (everything after the first 20 bytes) is an aggregation. In this case, the aggregation
consists of aK Class (PDS label) and an | Class (data object) SFDU. This label aso indicates
that the delimiter type is End-of-File and that this SFDU (data product) is terminated by a single
End-of-File. It is formed as follows:

1) Control Authority CCSD
2) VersionID 3
3) ClassID z
4) Delimiter Type F
5) Spare 0

6) Description Data Unit ID 0001
7) Length Field 00000001
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Example: CCSD3ZF0000I0000000I

The second SFDU label must be aK Class Version 3 SFDU label. “Class K” indicates that the
value field (everything after the second 20 bytes) is catalog and directory information, i.e., the
PDS label (sometimes referred to as the K Header). The Data Description Unit ID of PDSX
indicates that the PDS label uses the Object Description Language (ODL) syntax and the
Planetary Science Data Dictionary semantics to present data descriptive information. The SFDU
label also indicates that the SFDU is delimited by a Start-Marker/End-Marker pair. It is formed
as follows:

1) Control Authority 1D NJPL

2) Version ID 3

3) Class 1D K

4) Delimiter Type S

5) Spare 0

6) Description Data Unit 1D PDSX

7) Length Field #Hmark##

The marker pattern (“###mark##” in the example) can be set to any string that is unlikely to be
repeated elsewhere in the data product.

Example: NJPL 3K SOPD SX##mark###

The two SFDU labels must be concatenated and left justified in the first line or record of the PDS
label. Note that there are no characters between the two SFDU labels. For data products with
RECORD_TYPE equa to VARIABLE_LENGTH, the two concatenated SFDU labels must not
be followed by <CR><LF>.

Example: CCSD3ZF000010000000INJPL 3K SOPD SX##mark##

The remainder of the PDS label begins on the next line. The last line of the PDS label contains
the END statement. Then, in the same line or record, right justified, is the End-Marker for the K
Class SFDU and the | Class SFDU label. The End-Marker pattern must appear as:

Example: CCSD$$MARKER##mMark##

Note that the start marker and the end marker fields must be identical within the SFDU (in the
example, “#mark##”). Next must be an | Class Version 3 SFDU labdl. “Class 1" indicates that
the value field (everything after the SFDU label) is application data, i.e., the data object. The
Data Description Unit ID varies by data product type. It is supplied by the JPL Control Authority
and is usually documented in the science data product Software Interface Specifications (SIS).
The SFDU label adso indicates that the SFDU will be terminated by a single End-of-File. It is
formed as follows:
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1) Control Authority 1D NJPL
2) Version ID 3
3) ClassID |
4) Déelimiter Type F
5) Spare 0
6) Description Data Unit 1D XXXX
7) Length Field 00000001
Example:  NJPL3IF001060000000I (Where XXX X has been replaced by 0106.)

The two SFDU labels must be concatenated, right justified, and appear in the last line or record
of the PDS label following the END statement. (If it happens that there are not 40 bytes left in
the last record of the PDS label, add an additional record and right justify the two SFDU labels.)
Note that there are no characters between the two SFDU labels, and that the marker pattern and |
Class SFDU Labels are transparent to PDS label processing software.

Example: END CCSD$$MARK ER##mark##NJPL 31 F001060000000I

The data object begins with the next physical record.

16.3 Examples

RECORD_TYPE = STREAM:
End Statement blank(s) End marker | Class SFDU  End of record

END CCSD$$M A RK ER#mark##N JPL 3| F0O010600000001<CR><LF>

RECORD_TYPE = FIXED_LENGTH:
End Statement Terminator Record Boundary

END <CR><LF> bbbbb CCSD$$MARK ER##mark##NJPL 3| F0010600000001

RECORD_TYPE = UNDEFINED:
Statement terminator

End Statement L
END<CR><LF> CCSD$$MARK ER##mark##NJPL 3| F0010600000001
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RECORD _TYPE = VARIABLE LENGTH:
Record Length END end of statement

END CCSD$$MARKER##mark##NJPL 31F0010600000001

16.4 Exceptionsto this Standard
Software files and document files should not be packaged as SFDUSs.

Previous versions of the PDS standards expressed the ZI SFDU labels as an ODL statement. The
ZI SFDU labels were followed by “= SFDU_LABEL".

Example: CCSD3ZF0000100000001NJPL 3IFOPDSX 00000001 = SFDU_LABEL
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END statements, 16-5
Standard Formatted Data Unit (SFDU)
AMMOS usage, 16-5
definition, 16-1
examples
FIXED_LENGTH file, 16-7
STREAM file, 16-7
UNDEFINED file, 16-7
VARIABLE_LENGTH file, 16-8
exceptions, 16-8
| class, 16-2, 16-5
K class, 16-5
usage in PDS products, 16-1
versions, 16-1
Z class, 16-2, 16-5
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Chapter 17. Usage of N/A, UNK and NULL

17.1 Interpretation of N/A, UNK, and NULL

During the completion of data product labels or catalog files, one or more values may not be
available for some set of required data elements. In this case PDS provides the symbolic literals
“N/A”, “UNK”, and “NULL", each of which is appropriate under different circumstances.

17.1.1 N/A

“N/A” (“Not Applicable”) indicates that the values within the domain of this data element are
not applicable in this instance. For example, a data set catalog file describing NAIF SPK kernels
would contain the line:

| NSTRUVENT_I D = "N A"
because this data set is not associated with a particular instrument.

“N/A” may be used as needed for data elements of any type (i.e., text, date, numeric, etc.).

17.1.2 UNK

“UNK” (*Unknown”) indicates that the value for the data element is not known and never will
be. For example, in a data set comprising a series of images, each taken with a different filter,
one of the labels might contain the line:

FI LTER_NAME = " UNK"

if the observing log recording the filter name was lost or destroyed and the name of the filter is
not otherwise recoverable.

“UNK” may be used as needed for data elements of any type.

17.1.3 NULL

“NULL” isused to flag values that are temporarily unknown. It indicates that the data preparer
recognizes that a specific value should be applied, but that the true value was not readily
available. “NULL" is a placeholder. For example, the line:

DATA_SET_RELEASE _DATE = " NULL"

might be used in a data set catalog file during the development and review process to indicate
that the release date has not yet been determined.
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Note that al “NULL" indicators should be replaced by their actual values prior to fina archiving
of the associated data.

17.2 Implementation Recommendationsfor N/A, UNK, and NULL

The figurative constants defined above require specia values for storage in data base systems.
The PDS has the following recommendations for software intended to support PDS labels and
catalog objects:

1. Inthe case of character fields, the explicit string can be stored in the corresponding data
elements without further modification. This approach can also be taken where date and
time data types are stored as strings.

2. Numeric fields require special flag values to represent the “N/A”, “NULL” and “UNK”
indicators. Table 17.1 provides suggested standard flag values for each case.

In creating index files based on element values extracted from PDS labels, there are two options
for dealing with “N/A”, “NULL”, and “UNK” in nontstring columns:

1. The character strings can be used explicitly in the index. Note, however, that in this case
the DATA_TYPE of the column may be forced to “CHARACTER”, since, for example,
encountering the string “NULL” in what is otherwise a numeric column would cause a
read failure.

2. The character strings can be replaced with an appropriate numeric constant. In this case
the substitution is indicated in the corresponding column definition by including the
NOT_APPLICABLE_CONSTANT, NULL_CONSTANT or UNKNOWN_CONSTANT
elements as needed.

Table 17.1: Numeric valuesfor N/A, UNK, NULL

Signed Signed Unsigned Unsigned Tiny Integer Real

I nteger I nteger I nteger I nteger (1 byte -

(4 byte) (2 byte) (4 byte) (2 byte) unsigned)
N/A -2147483648 | -32768 4294967293 || 65533 locally defined -1.E32
UNK 2147483647 | 32767 4294967294 || 65534 locally defined +1.E32
NULL NULL* NULL* NULL* NULL* NULL* NULL*

“NULL" refersto asystem-defined null value. The availability of NULL asauniversal value across data
types in some data management systems simplifies the implementation of the figurative constant "NULL".
However, if asystem "null" is not available, then either a) an arbitrary value can be chosen, or b) the
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meanings of UNK and NULL can be combined and the token or numeric representation of UNK used.
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N/A constant, 17-1

Not Applicable constant, 17-1
NULL congtant, 17-1

UNK constant, 17-1
Unknown constant, 17-1

Chapter 17. Usage of N/A, UNK, and NULL
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Chapter 18. Units of Measurement

The uniform use of units of measure facilitates broad catalog searches across archive
systems.The PDS standard system for units, where applicable, is the Systeme Internationale
d'Unites (Sl). The default unitsfor data elements in the Planetary Science Data Dictionary
(PSDD) are determined as each element is defined and added to the dictionary. Specific unit
definitions are also included in the PSDD.

In cases where more than one type of unit is commonly used for a given data element, an
additional data element is provided to explicitly identify the corresponding unit.
SAMPLING_PARAMETER_RESOLUTION and SAMPLING_PARAMETER_UNIT are one
such pair. The PDS allows exceptions to the Sl unit requirement when common usage conflicts
with the Sl standard (e.g., angles which are measured in degrees rather than radians).

Both singular and plural unit names, as well as unit symbols, are allowed. The double asterisk
(**) isused, rather than the caret (), to indicate exponentiation. When the units associated with
avaue of aPDS element are not the same as the default units specified in the PSDD (or when
explicit units are preferred), a unit expression is used with the value. These unit expressions are
enclosed in angular brackets (< >) and follow the value to which they apply.

Examples

EXPOSURE_DURATI ON
DECLI NATI ON

MASS

MASS_DENSI TY
MAP_RESOLUTI ON
MAP_SCALE

10 <SECONDS>

-14. 2756 <DEGREES>
123 <kg>

123 <g/cnr*3>

123 <Pl XEL/ DEGREE>
123 <KM PI XEL>

Note that in the above example, MASS DENSITY is not expressed in the S| default unit of
measurement for density (kg/m**3).

PDS recommends (in order of preference) that measurements be expressed using the default Sl
units of measurements, as defined in the following paragraphs. If it is ot desirable to use the
default Sl unit of measurement, then the unit of measurement should be expressed using the Si
nomenclature defined in the following paragraphs. If a unit of measurement is not defined by the
Sl standard, then a unit of measurement can be derived (e.g., pixels per degree, kilometers per
pixel, etc.).

18.1 Sl Units

The following summary of Sl unit information is extracted from The International System of
units.

Base units — As the system is currently used, there are seven fundamental Sl units, termed “base
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units’:
QUANTITY NAME OF UNIT SYMBOL
length meter m
mass kilogram kg
time second S
electric current ampere A
thermodynamic temperature  kelvin K
amount of substance mole mol
luminous intensity candela cd

Sl units are all written in mixed case; symbols are also mixed case except for those derived from
proper names. No periods are used in any of the symbols in the international system.

Derived units —In addition to the base units of the system, a host of derived units, which stem
from the base units, are also employed. One class of these is formed by adding a prefix,
representing a power of ten, to the base unit. For example, akilometer is equal to 1,000 meters,
and amillisecond is .001 (that is, 1/1,000) second. The prefixes in current use are as follows:

Sl PREFIXES
Factor Pr efix Symbol Factor Prefix Symbol
10**18 exa E 10%*-1 deci d
10**15 peta P 10**-2 centi c
10**12 tera T 10**-3 milli m
10**9 giga G 10**-6 micro
10**6 mega M 10**-9 nano n
10**3 kilo k 10**-12 pico p
10**2 hecto h 10**-15 femto f
10**1 deka da 10**-18 atto a

Note that the kilogram (rather than the gram) was selected as the base unit for mass for historical
reasons. Notwithstanding, the gram is the basis for creating mass units by addition of prefixes.

Another class of derived units consists of powers of base units and of base unitsin algebraic

relationships. Some of the more familiar of these are the following:

QUANTITY NAME OF UNIT SYMBOL
area square meter m**2
volume cubic meter m**3
density kilogram per cubic meter kg/m**3
velocity meter per second m/s
angular velocity radian per second rad/s
acceleration meter per second squared m/s**2
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angular acceleration radian per second squared rad/s**2
kinematic viscosity square meter per second m**2/s
dynamic viscosity newton-second per square meter N*s/m**2
luminance candela per square meter cd/m**2
wave number 1 per meter m**-1
activity (of aradioactive source) 1 per second sF*-1
Many derived Sl units have names of their own:
QUANTITY NAME OF UNIT SYMBOL EQUIVALENT
frequency hertz Hz s**-1
force newton N kg*m/s**2
pressure (mechanical stress) pascal Pa N/m**2
work, energy, quantity of heat joule J N*m
power watt w Js
quantity of electricity potential difference  coulomb C A*s
electromotive force volt \% W/A
electrical resistance ohm - VIA
capacitance farad F A*slV
magnetic flux weber Wb V*s
inductance henry H V*s/A
magnetic flux density tesla T Wb/m* * 2
[uminous flux lumen Im cd*sr
illuminance lux IX Im/m**2
Supplementary units are as follows:
QUANTITY NAME OF UNIT SYMBOL
plane angle radian rad
solid angle steradian sr

Use of figureswith S units—In the international system it is considered preferable to use only

numbers between 0.1 and 1,000 in expressing the quantity associated with any Sl unit. Thus the
quantity 12,000 metersis expressed as “12 km”, not “12,000 m”. So too, 0.003 cubic centimeters
is preferably written “3 mm”, not “0.003 cnt”.
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SAMPLING_PARAMETER_RESOLUTION, 18-1
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Chapter 19. Volume Organization and Naming

The Volume Organization and Naming Standard defines the organization of data sets onto
physical media and the conventions for forming volume names and identifiers. A volumeis one
unit of a physical medium such asa CD, aDVD, or a magnetic tape. Data sets may reside on one
or more volumes and multiple data sets may also be stored on a single volume. Volumes are
grouped into volume sets

Each volume has a directory structure containing subdirectories and files. Both random access
(CD, DVD) and sequentia access (magnetic tape) media are supported. A PDS volume on a
sequential access medium has avirtual directory structure defined in the VOLUME object
included in the file “VOLDESC.CAT”. This virtua structure may then be used to recreate the
volume directory structure when the files are moved to a random access medium.

PDS recommends that the entire contents of an archive volume and volume set be based on a
single version of the PDS Standards Reference. Software tools that work with one version of the
Standards may not work with al versions.

19.1 Volume Set Types

Data may be organized into one of four types of archive volumes, based on the number of data
sets on each volume and the number of volumes required to capture all the data. The directory
organization of the volumes and the required files varies dightly depending on this volume type.
Figures 19.1 through 19.4 depict the various volume directory structure options. The four volume
types are described below.

1. Onedata set on one volume. This basic volume organization isillustrated in Figure 19.1.
The required and optional files and directories are detailed in Section 19.3.

2. One data set on many volumes. Inthis case the INDEX subdirectory includes both local
indices, for the data on the present volume, and cumulative indices, for the data on all
(preceding) volumes. This layout isillustrated in Figure 19.2.

3. Many data sets on one volume. Inthis case, additional file naming conventions are
imposed to prevent collisions; data subdirectories are organized by data set. There are
two variations on this scheme:

a Onelogical volume— That is, the data sets collected on the physical medium
congtitute a single logical volume and would generally be distributed together.
See Figures 19.3a and 19.3b, and Section 19.6 for more information on logical
volumes.

b. Many logical volumes— and The physical medium contains severa largely
independent collections of data sets, with each collection organized as though it
were on its own volume. This is useful when alarger capacity medium (say,
DVD) is being used to hold several volumes originally produced on a smaller
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capacity medium (e.g., CD-ROM). In this case, directories that are common to
and identical on al volumes need only be reproduced once (e.g., the SOFTWARE
directory in Figure 19.3b). See Figures 19.3a and 19.3b, and Section 19.6 for
more information on logical volumes.

4. Many data sets on many volumes. This organization is most useful when severa large
data sets are being produced in parallel over an extended period of time (as with some
space missions). Sections of each data set appear on each physical volume, requiring
additional naming considerations. See Figure 19.4 for more information.

Note that it is possible to have one or more volumes containing only data accompanied by an
ancillary volume containing the DOCUMENT, CATALOG, GAZETTER, SOFTWARE,
CALIB, and GEOMETRY directories relevant to all the other volumes. When thisis done, the
PDS requires that al files referenced by include-type pointers (see the Pointer Usage chapter in
this document) be present on the data volume. The PDS recommends that ancillary filesbe
archived on the same volume as the corresponding data wherever possible, to facilitate science
access.

The contents and organization of the directories of all the volume types are described in the
remainder of this chapter.
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VOLUME SET ORGANIZATION STANDARD
OME DATA SET, ONE VOLUME
ROCT
ARREADME. TXT
ERRATATXT
VOLDESC CAT
DOCUMENT  CATALOG LABEL SDFI'I.THE I!.‘.Ai.iE GEOMETHY |N1:.'-.|EK m.'|r.q EXTRAS
TT CATINFO.TXT SOFTINFO.TXT CALINFOTXT GEOMINFOTXT INDOXNFO.TXT  LABEL FRLE 1 |
et CATALOG CAT et IDE FILE | INDEX.LEL, DATAFILE | EXTRINFO.TXT
MISSIOMN.CAT INCLUDE FILE 2 INDEX. TAB LABEL FILE 2
IRSTHOST CAT DATAFILE 2
INST.CAT LABELED DATA FILE 1
DATASET.CAT LABELED DATA FILE 2
PERSON.CAT LABELED DATA FILE 3
REF.CAT INCLUDE FILE 1 °
MNCLUDE FILE 2 *

s INFO.TET Reguined for gach son-data subdirsciony § prasant

Optional
* | etivichaal catalog Bles are prefesred, or thay may be combined in & singls CATALOG.CAT lla

Figure 19.1 Volume Set Organization Standard - One Data Set, One Volume
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VOLUME SET ORGANIZATION STANDARD
ONE DATA SET, MANY VOLUMES

ROOT
ARREADME TXT
ERRATATXT*
VOLDESC CAT
DOCUMENT  CATALOG LABEL SOFTWARE c.uia GEOMETRY |mizx twlrn 1 DATA 2
| | CALINFO.TXT LABEL FILE1 [
DOCINFOTXT  CATALOG GAT™ v S C TN, QENRTAT, DATA FILE 1
MISSION.CAT e ine £1LE 2 LABEL FILE 2
INSTHOST.CAT DATA FILE 2
INST.CAT LABELED DATA FILE 1
DATASET.CAT LABELED DATA FILE 2
PERSOM.CAT LABELED DATA FILE 3
REF.CAT INCLUDE FILE 1 *
INCLUDE FILE 2 *

uxnINFO. TXT Reguined for sach non-data subdinnciony il prosont
* Optsanal
** |ndeviclual catalog files are prefarred, or they may be combined in a ssngle CATALOG CAT file.

Figure 19.2 Volume Set Organization Standard - One Data Set, Many Volumes
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VOLUME SET ORGANIZATION STANDARD
MANY DATA SETS, ONE VOLUME

ROOT
ARREADME TXT
ERAATA TXT*
VOLDESC CAT
| | | | | I | DATASET 1 EXTRAS
DOCUBAENT CATALOG LABEL SDFF'ITFIE CALIB GEOMETHY INDEX
DOCINEQ.TXT  CATINFOTXT  |ApsNFO TXT SOFTINFOTXT CALINFOTET SEOMSMFOTXT  INDNINFOTXT
CATALOGCAT™  amTABLE FMT £OCALIE TAB | A INDEX LBL
LSSI0N BxCALIB T INDEX. T
WSTHOST CAT  "XTABLERMT 3 ::MJE:LE
INST.CAT T
el B EXTRINFO.TXT
bxxDE.CAT
PERSON.CAT |
REF.CAT DATA 11 DATA 12
LABEL FILE 1
DATA FILE 1
LABEL FILE 2
el NEDL TXT uired bor aach -dats subdweciary if | DATH FILE 2
:'op.m; o e 2 it LABELD DATA FILE 1
** Inudivi oual catalog files ane prefemed, or they may be comibined In & single CATALOG CAT fils. LABELED DATA FILE 2
LABELED DATA FILE 3
INCLUDE FILE 1
INCLLUDE FILE 2

Figure 19.3a Volume Set Organization Standard - Many Data Sets, One Volume
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VOLUME SET ORGANIZATION STANDARD
MANY DATA SETS, ONE PHYSICAL VOLUME,
MANY LOGICAL VOLUMES

ROOT
ARAEADME TXT
ERRATA TXT*
VOLDESC CAT
E | |
DATASET 1 ODATASETn™ SOFTWARE *
SOFTINFOTXT
AAREADME TXT ANAEADME TXT ETC
VOLDESC CAT VOLOESC CAT
ERAATATX ERAATA TXT"
| CATALOG LABEL BOFTWARE GEOMETRY | |
DATA
DOCUMENT
o INDEX EXTRAS
DOCUMENT ‘ LABEL | CALIB INDEX EXTRAS
CATALOS SOFTWARE GEOMETAY DATA
* Ciplional

** Logical volume; directory structure idemtical to Figure 18.1. ONE DATA SET, ONE VOLUME
= Comman o all logical vodkmes

Figure 19.3b Volume Set Organization Standard - Many Data Sets, One Physical Volume,
Many Logical Volumes
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VOLUME SET ORGANIZATION STANDARD
MANY DATA SETS, MANY VOLUMES

ROOT
ARREADME. TXT
ERRATA TXT"
VOLDESC CAT
| I i [ ) | | | DATASET EXTRAS
DOCUMENT CATALOG LABEL SOFTWARE CALIB GEQOMETRY INDEX - :
DOCINFO.TXT CATINFOTXT  LABINFO.TXT SOFTINFOTET CALNFOTET GEQMINFOTXT  INDEXINFO TXT
CATALOG CAT™ gy TABLE FMT G ALIB. TAD axaINDEX LBL
H:::uﬂ.ﬁr-..l.'.‘ﬁT b TABLE FMTY haCALIE TAS | axiNDEX TAB
IH“:sﬂ:fJ\'.l CAT aeCMIDE LBL
N-_.:_I;_ﬂ,. UMDY TAB
“”m.-"E-AT o NDEX. LBL EXTRINFO.TXT
|:--n: CAT b INDEX. TAB
F‘E_I'_‘.:DN CAT nnCMIDE LEL |
BEF.CAT b CMIDK TAB DATA 11 DATA R
LABEL FILE 1
DATA FILE 1
LABEL FILE 2
e NFO THT Raguired for each non-data subdensckony o prisaent DATA FILE 2
* Opional LABELD DATA FILE 1
** individual cataiog filos are peofarred, o they may be combined in a single CATALOG CAT fle LABELED DATA FILE 2

LABELED DATA FILE 3
INCLUDE FILE 1
INCLUDE FILE 2

Figure 19.4 Volume Set Organization Standard - Many Data Sets, Many Volumes

19.2 Volume Organization Guidelines

The PDS recommends that directory structures be smple, path names short, and directory and
file names constructed in alogical manner. When determining the number of files to be stored in
each subdirectory, data preparers should keep in mind that most users rely on visua inspection to
glean the contents of a directory or confirm that a disk isintact. Note that some older operating
systems will “crash” when encountering a directory containing more than 128 files. Note also
that device load time can be directly dependent on the number of filesin a directory, making
large directories inconvenient for large numbers of users. The typical practical limit for these
purposes is on the order of 100 files per directory. As afurther convenience to users, PDS
recommends that empty subdirectories be omitted entirely.

19.3 Description of Directory Contents and Organization

The root directory is the top-level directory of a volume. The following sections describe the
contents of the root directory, followed by the contents of the required subdirectories (in
alphabetical order), and finally the contents of the optional directories (in alphabetical order).
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19.3.1 ROOT Directory Files
AAREADME.TXT Required

Thisfile contains an overview of the contents and organization of the associated volume, general
instructions for its use, and contact information. The name has been chosen so that it will be
listed first in an alphabetical directory listing. See Appendix D for an example of an
AAREADME.TXT file.

VOLDESC.CAT Required

This file contains the VOLUME object, which gives a high-level descriptionof the contents of
the volume.

ERRATA.TXT Optional

Thisfile identifies and describes errors and/or anomalies found in the current volume, and
possibly in previous volumes of a set. When a volume contains known errors they must be
documented in thisfile.

VOLDESC.SFD Obsolete

Thisfileisidentified here only for backward compatibility with previous versions of the PDS
standards. It is not to be used in current archive products.

Thisfile contains the SFDU refererce object structure that aggregates the separate file contents
of the volume into an SFDU. The reference object itself is expressed in ODL. This file should
only be included if the data products are packaged as SFDUs. (Note the “.SFD” file extension is
areserved file extension in the CCSDS SFDU standard indicating the file contains a valid
SFDU.)

19.3.2 Required Subdirectories

19.3.2.1 CATALOG Subdirectory

This subdirectory contains the catalog object files (for the mission, instrument, data sets, etc.) for
the entire volume. When several logical volumes are present on a single physical volume, each
logical volume should have its own CATALOG subdirectory.

CATINFO.TXT Required
Thisfile identifies and describes the function of each file in the CATALOG subdirectory.

CATALOG.CAT Optional
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In most cases, the individual catalog objects are in separate files, one for each object. On some
older archive volumes, however, all catalog objects were collected into asingle file called
CATALOG.CAT.

PDS Methodologyfor Supplying Catalog Objects

The preferred method for supplying catalog objects is as separate files for each catalog object,
since this facilitates the review, verification and archiving process. I n Figure 19.5, for example,
the files axxxxxDS.CAT and bxxxxxDS.CAT represent two separate files each containing single
data set catalog objects (descriptive information about the data set) for data setsa and b
respectively. See the File Specification and Naming chapter in this document for the file naming
rules; see Section A.5, CATALOG, for the required contents of the catalog object, and see
Appendix B for information on each of the referenced catalog objects.

When catalog objects are organized in separate files or sets of files, pointer expressions shall be
constructed according to the following table. Under "File Name", the first line shows the file
name to be used if asingle catalog file is present on the volume for the particular type of catalog
object named. The second shows the syntax and file name convention to be followed if multiple
cataog files are present for the named object.

Catalog Pointer Name File Name

"DATA_SET_CATALOG = "DATASET.CAT"

= {"xxxxxxDS.CAT","yyyyyyDS.CAT"}
ADATA_SET_COLLECTION_CATALOG = "DSCOLL.CAT"

= {"xxxxxDSC.CAT","yyyyyDSC.CAT"}
"DATA_SET_MAP_PROJECTION_CATALOG = "DSMAP.CAT"

=  {"xxxDSMAP.CAT","yyyDSMAP.CAT"}
NNSTRUMENT_CATALOG = "INST.CAT"

= {"xxxxINST.CAT","yyyyINST.CAT"}
AINSTRUMENT_HOST_CATALOG = "INSTHOST.CAT"

=  {"xxxxHOST.CAT","yyyyHOST.CAT"}
MISSION_CATALOG = "MISSION.CAT"

= {"xXxxxxMSN.CAT","yyyyyMSN.CAT"}
APERSONNEL_CATALOG = "PERSON.CAT"

=  {"xxxXxPERS.CAT,"yyyyPERS.CAT"}
"REFERENCE_CATALOG = "REF.CAT"

= {"xxxxxREF.CAT","yyyyyREF.CAT"}
ASOFTWARE_CATALOG = "SOFTWARE.CAT"

= {"xxxSW.CAT", "yyySW.CAT"}
ATARGET_CATALOG = "TARGET.CAT"

{"xxxTGT.CAT", "yyyTGT.CAT"}

19.3.2.2  DataSubdirectory

The DATA subdirectory may be used to unclutter the root directory of a volume by providing a
single entry point to multiple data subdirectories. These directories contain the data product files.
The directories are organized and named according to the standards in Chapter 8, Directory
Types and Naming, in this document. Subdirectories may be nested up to eight levels deep on a
physical volume.
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Data Files

A data file contains one or more data objects, which is a grouping of data resulting from a
scientific observation (such as an image or table) and representing the measured instrument
parameters.

Labd Files

A labd file contains a detached PDS labdl that identifies, describes, and defines the structure of
the data objects. The associated data objects are contained in an accompanying datafile. The
labdl file must have the same base name as the associated data file, with an extension of “.LBL".

Labeled Data Files
PDS labels may be attached directly to the data they describe. In this case the PDS label comes
first and the data begin immediately following the end of the label. When attached labels are

used, no “.LBL” files will be present in the data directories. See the Data Productsand Data
Product Labels chapters in this manua for details.

19.3.2.3 INDEX Subdirectory

This directory contains the indices for all data products on the volume.

Note: If the physical volume is organized as several logical volumes (case 3b of Section 19-1),
there will generally not be an INDEX subdirectory at the root of the physical volume. Instead
there will be individual INDEX subdirectories at the root of each logical volume. See Section
A.20, INDEX_TABLE, for more information.

INDXINFO.TXT Required

This file identifies and describes the function of each file in the INDEX subdirectory. This
description should include at least:

1) A description of the structure and contents of each index table in this subdirectory

2) Usage notes
For an example of the INDXINFO.TXT file, see Appendix D, Section D.2.
INDEX.LBL Required
Thisisthe PDS label for the volume index file, INDEX.TAB. The INDEX_TABLE specific

object should be used to identify and describe the columns of the index table. See Appendix A for
an example. Although INDEX.LBL is the preferred name for thisfile, the name axxINDEX.LBL
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may also be used (with axx replaced by an appropriate mnemonic).

Note: The PDS recommends detached labels for index tables. If an attached labdl is used, thisfile
IS omitted.

INDEX.TAB Required

This file contains the volume index in tabular format (i.e., the INDEX_TABLE specific object is
used to identify and describe the data stored on an archive volume). Only data product label files
(i.e., not the data files) are included in an index table. In rare cases, however, ancillary files are
also included. Although INDEX.TAB is the preferred name for this file, the name
axxINDEX.TAB may also be used, withaxx replaced by an appropriate mnemonic.

Note that the axx prefix is neither required nor recommended. Data producers may use a prefix to
distinguish two or more files by data set, instrument, or other criteria. The data producer should
replace the generic prefixes shown here with a suitable mnemonic.

The following files are recommended for multi-volume sets:
CUMINDEX.LBL Optional

This file contains the cumulative volume set index in tabular format (i.e., the INDEX_TABLE
specific object is used to identify and describe the data stored on each archive volume). Only
data product label files (i.e., not the data files) are included in an index table. In rare cases,
however, ancillary files may be included. Although CUMINDEX.LBL is the preferred name for
this file, the name axxCMIDX.LBL may also be used, with axx replaced by an appropriate
mnemonic.

PDS recommends the use of detached labels for index tables. If an attached label is used, thisfile
is omitted.

CUMINDEX.TAB Optional

This file contains the cumulative volume set index in a tabular format. Normally only data files
are included in a cumulative index table. In some cases, however, ancillary files may be
included. Although CUMINDEX.TAB is the preferred name for this file, the name
axxCMIDX.TAB may also be used, with axx replaced by an appropriate mnemonic.

19.3.3 Optional Subdirectories

19.3.3.1 CALIBration Subdirectory

This directory contains the calibration files used in the processing of the raw data or needed to
use the data products on the volume. Note that “CALIB” is only a recommended name - a
different directory name may be used if appropriate.
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CALINFO.TXT Required
Thisfile identifies and describes the function of each file in the CALIB subdirectory.
Calibration Files Required

In Figures 19.3 and 19.5, the files axxCALIB.TAB ard bxxCALIB.TAB represent sample files.
The axx and bxx prefixes indicate that the calibration files for different data sets (a and b) may be
combined in the same CALIB subdirectory.

Note that the axx and bxx prefixes in the sample names are neither required nor recommended.
Data producers may use them to distinguish two or more files (by data set, instrument, or other
criteria). Also, in this case the “CALIB” file name is not required. It is used in the figures to
differentiate calibration files from observational datafiles. The data producer should replace the
generic file names shown here by suitably mnemonic names.

19.3.3.2 DOCUMENT Subdirectory

This directory contains the files that provide documentation and supplementary and ancillary
information to assist in understanding and using the data products on the volume. The
documentation may describe the mission, spacecraft, instrument, and data set(s). It may include
references to science papers published elsewhere as well an entire papers republished on the
volume. See Section A.12, DOCUMENT, for more information.

DOCINFO.TXT Required

Thisfile identifies and describes the function of each file in the DOCUMENT subdirectory.

VOLINFO.TXT Optional

This file describes the attributes and contents of the volume. This file is sometimes included in
addition to the catalog files in the CATALOG subdirectory to provide the same information in an
aternate format.

Note: In rare cases, the data engineer may allow the data preparer to place all the corresponding
catalog object descriptions in the VOLINFO.TXT file of the DOCUMENT subdirectoryin lieu
of separate filesin the CATALOG subdirectory. Regardless of which method is used, the
descriptions themsel ves must always be supplied.

Data Dictionary Files Optional

The data dictionary files are comprised of two files, PDSDD.FUL and PDSDD.IDX. The
PDSDD.FUL file identifies and describes the data object and data element definitions contained
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in the Planetary Science Data Dictionary (PSDD). The PDSDD.IDX is anindex of the
PDSDD.FUL and is currently used by the PDS validation tools to quickly locate individual
elements in the PSDD.

These files are human-readable ASCII text and are useful for (future) users to ascertain the data
object and data element definitions used within the PDS at the time that the archive product was
produced.

The above files are required if locally-defined data el ements are used in the archive product, and
are recommended if the archive product does not use locally-defined data el ements.

The PDSDD.FUL ad PDSDD.IDX files can be labeled using either the TEXT or
ASCII_DOCUMENT objects.

Example: PDSDD.LBL

PDS_ VERSION ID = PDS3
RECORD TYPE = STREAM
AFUL_TEXT = "PDSDD. FUL"
A DX_TEXT = " PDSDD. | DX"
OBJECT = FUL_TEXT

PUBLI CATI ON_DATE = 2003- 12- 31
END_OBJECT = FUL_TEXT
OBJECT = | DX_TEXT

PUBLI CATI ON_DATE = 2003- 12- 31
END_OBJECT = | DX_TEXT
END

19.3.3.3 EXTRAS Subdirectory

The EXTRAS directory is the designated area for housing additional elements provided by data
preparers beyond the scope of the PDS archive requirements. Examples include HTML-based
disk navigators, educational and public interest aids, and other useful but nonessential items.
The PDS places no restrictions on the contents and organization of this subdirectory other than
conformance to 1 SO-9660/UDF standards.

EXTRINFO.TXT Required

Thisfile identifies and describes the function of each file in the EXTRAS subdirectory. This
description should include at |east the following:

1. A description of the structure and contents of each file in the subdirectory

2. Usage notes
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19.3.34  GAZETTER Subdirectory

This directory contains detailed information about all the named features on a target body (i.e.,
the gazetteer information) associated with the data sets on the volumes. “Named features’ are
those the International Astronomical Union (IAU) has named and approved. See Section A.15,
GAZETTER_TABLE, for more information.

GAZINFO.TXT Required

Thisfile identifies and describes the function of each file in the GAZETTER subdirectory.
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GAZETTER.TXT Required

Thisfile contains text describing the structure and contents of the gazetteer table in
GAZETTER.TAB.

GAZETTER.LBL Required
Thisfileisthe PDS label containing aformal description of the structure of the gazetteer table.
GAZETTER.TAB Required

This file contains the gazetteer table.

19.3.35 GEOMETRY Subdirectory

This directory contains the files (e.g., SEDR file, SPICE kernels, etc.) needed to describe the
observation geometry for the data. Note that “GEOMETRY” is only a recommended directory
name, another appropriate name may be used.

GEOMINFO.TXT Required

This file identifies and describes the function of each file in the GEOMETRY subdirectory.

19.3.3.6 LABEL Subdirectory

This directory contains additional PDS labels and include files that were not packaged with the
data products or in the data subdirectories. When multiple logical volumes reside on asingle
physical volume, the LABEL subdirectories must appear below the logical volume root
directories. This is because the rules governing pointer resolution preclude a search across
logical volumes.

LABINFO.TXT Required
This file identifies and describes the function of each file in the LABEL subdirectory.
Include Files Required

Include files are files referenced by a pointer in a PDS label. Typically they contain additional
metadata or descriptive information. Only files of type LBL, TXT, or FMT (“format”) may be
included in the LABEL subdirectory. In Figures 19.1-5, the files axxINCLUDE FILEL,
bxxINCLUDE FILE1 and INCLUDE FILE1 represent sample files of the above types. The axx
and bxx prefixes indicate that the include files for different data sets (a and b) may be combined
in the same LABEL subdirectory.

Note that the axx and bxx prefixes in the sample names are neither required ror recommended.
Data producers may use them to distinguish two or more files (by data set, instrument, or other
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criteria). The data producer should replace the generic prefixes shown here by a suitable
mnemonic.

19.3.3.7 SOFTWARE Subdirectory

This directory contains the software libraries, utilities, or application programs supplied for
accessing or processing the data. It may also include descriptions of processing algorithms. Only
public domain software may be included on PDS archive volumes.

Two subdirectory structures are available for organizing the SOFTWARE directory: platform
based and application-based. Platform-based is the recommended method for general archives
and is described below. For an example of applicationbased organization see the example for
SOFTINFO.TXT in Appendix D of this document, and the NAIF directory structure in Appendix
E. See Section 11.3 for information about packaging software for inclusion in an archive
product.

SOFTINFO.TXT Required
Thisfile identifies and describes the function of each file in the SOFTWARE subdirectory.
SRC Subdirectory Optional

There can be aglobal SRC directory under the SOFTWARE directory if there is source code
applicableto all platforms. For example, applicationprogramming languages such as IDL are
relatively platform independent and would be placed in aglobal SRC directory. Note that in the
example below, there is both a global source directory as well as source directories at the lower
levels.

DOC Subdirectory Optional
This directory contains documentation for the software in the parallel SRC directory.

LB Subdirectory Optional
Thisdirectory contains libraries applicable to all platforms.

Har dwar e Platform and Operating System/Environment Subdirectories Optional

If only global source code is being provided on the volume, no further organization is required. If
platform- or environment- specific software is being provided, the structure in Figure 19.6
should be followed. Specificaly:

1. The hardware platform and the operating system/environment must be explicitly stated.
If more than one operating system/environment (OS/Env) is supported for asingle
hardware platform, each should have its own subdirectory under the hardware directory.
If there is only one, then that subdirectory can be promoted to the hardware directory
level (vianaming conventions). In Figure 19.6, several environments are supported for
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platform HW1, but only one for HW2 — thus the difference in subdirectory structures.

2. The next directory level contains BIN, SRC, DOC, LIB and OBJ. If any of these are not
applicable, it should be left out (i.e., empty directories should be omitted).

3. Following are examples of subdirectory names for both multiple and single OSEnv per
platform. (Thislist is provided for illustration only. It is not meant to be exhaustive.)

Multiple Single
PC
DOS PCDOS
WIN PCWIN
WINNT PCWINNT
0s2 PCOS2
MAC
SYS?7 MACSY S7
AUX MACAUX
SUN
SUNOS SUNOS
SOLAR SUNSOLAR
VAX
VMS VAXVMS
ULTRX VAXULTRX
SGI
IRX4 SGIIRX4

IRX5 SGIIRX5
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SOFTWARE

SOFTINFO.TXT

<HW1> <HW2> <SRC>* <DOC>*
—
<0sl> <0s2> <0s3> BIN SRC DOC LIB OBJ

BIN SRC DOC LIB OBJ

* NOTE: INFO.TXT files under SOFTWA RE subdirectories are optional (e.g., PCINFO.TXT,
MACINFO.TXT, VAXINFO.TXT, SUNINFO.TXT, etc.).

Figure 19.6 — Platform-based SOF TWARE Subdirectory Structure

19.4 Volume Naming

Volume names must be no more than 60 characters in length and in upper case. They should
describe the contents of the volume in terms that a human user can understand. In most cases the
volume name is more specific than the volume set name. For example, the volume name for the
first volume in the VOYAGER IMAGES OF URANUS volume set is“VOLUME 1.
COMPRESSED IMAGES 24476.54 - 26439.58.”

19.4.1 VolumelD

Many types of media and the machines that read them place alimit on the length of the volume
ID. Therefore, although the complete volume set 1D should be placed on the outside label of the
volume, ashorter version is actually used when the volume is recorded. PDS has adopted a limit
of 11 characters for these terse volume identifiers. This volume ID consists of the last two
components of the volume set ID, with the “X” wildcard values replaced by the sequence
number associated with the particular volume (see the Volume Set ID Standard below). ThisID
must always be unique for PDS data volumes. The volume ID must be in upper case.

Examples:
VG_0002 Volume 2 of the Voyager set
MG_0001 The first volume of the Magellan set

VGRS 0001 A potential Voyager Radio Science collection
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If avolume is redone because of errorsin theinitial production the volume ID should remain the
same and the VOLUME_VERSION_ID incremented. This parameter is contained in the
VOLDESC.CAT file on the volume. The version ID should also be placed on the external
volume label as“Version n” where n indicates the revision number. A revision number greater
than one indicates that the original volume should be replaced with the new version.

19.5 Volume Set Naming

The volume set name provides the full, formal name of a group of data volumes containing one
or acollection of related data sets. Volume set names may be at most 60 characters in length and
must be in upper case. Volume sets are normally considered a single orderable entity. For
example, the volume series MISSION TO VENUS consists of the following volume sets:

MAGELLAN: THEMOSAIC IMAGE DATA RECORD

MAGELLAN: THE ALTIMETRY AND RADIOMETRY DATA RECORD
MAGELLAN: THE GLOBAL ALTIMETRY AND RADIOMETRY DATA RECORD
PRE-MAGELLAN RADAR AND GRAVITY DATA SET COLLECTION

In certain cases, the volume set name can be the same as the volume name, e.g., when the
volume set consists of only one volume.

195.1 VolumeSet ID

A volume set is a series of archive volumes that are closely related. In general, the volumes of a
set will be distributed and used together. Each volume within the set must have a VOLUME _ID
that is unique across the PDS archive. The volume set is identified by a VOLUME_SET D of
up to 60 characters incorporating the range of constituent VOLUME IDs. VOLUME_SET IDs
must be in upper case, and are composed by concatenating the following fields, separated by
underscores, using abbreviations if necessary:

1. Thecountry of origin (abbreviated)

2. The government branch

3. Thediscipline within the branch that is producing the volumes

4. A campaign, mission or spacecraft identifier followed by an optional instrument or
product identifier (6 characters)

5. A 4-digit sequence identifier: The first digit(s) represent the volume set; the
remaining digits contain “X”, representing the range of volumesin the set. Up to
four “X” characters may be used.

Example

USA NASA PDS GO _10XX could be the volume set ID for the Galileo EDR volume set, since
there are less than 100 volumes (since the XX placeholder accommodates the range 01 - 99
only). Volume IDs for volumes in the set would then be GO_1001, GO_1002, etc.
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Note: Because of the uniqueness constraint, data preparers should consult with their PDS data
engineer when it comes time to formulate new VOLUME_ID and VOLUME_SET _|ID values.

Volume Set I Ds Prior to PDS Version 3.2

Prior to version 3.2, the 4-digit sequence identifier (item 5 above) did not include the “X”
wildcards. Instead, the last digits represented the volume. For example, on Magellan, avolume
set ID “USA_NASA JPL_MG_0001" was used only for the volume with the volume 1D
“MG_0001". Subsequent volumes in the same set had volume set IDs that differed in the final
field. When a set of volumes was to be distributed as one logical unit, the volume set ID
included the range of volume IDs.

Example

USA_NASA_PDS VG 0001 TO_VG_0003 for the three volumes that comprise the VVoyager
Uranus volume set.

19.6 Logical Volume Naming

Logica volumes retain the volume and volume set naming used at the physical volume level. For
further information, see the “Volume Object” in Appendix A of this document.

19.7 Exceptionsto This Standard

In rare cases volume IDs are subject to restrictions imposed by specific hardware or software

environments. Also, volumes made in the past may have IDs that do not meet this standard and
there may be compelling reasons for keeping the same volume ID when making a new copy of
the data. All new data sets, however, must adhere to this standard wherever possible.
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Chapter 20. Zip Compression

The PDS standards support two different approaches to data compression:

1. Inone case, adata object contains numbers that have been encoded using one of severa
supported methods (e.g., “Huffman first difference’). In this approach, the label describes
the compressed data and the ENCODING_TY PE keyword indicates how the data object
isto be decompressed by the user. PDS standards support this approach to compression
for IMAGE objects only. For more information on compression of individual IMAGE
objects, see Section A.19.

2. Inthe aternative approach, a standard compression method called “Zip” isused. In this
case, an entire datafile is compressed rather thana particular data object. The user is
expected to apply an “Unzip” utility to decompress the file, and the label then describes
the decompressed data directly.

This chapter describes PDS standards for archiving data using Zip compression In general, the
archiving of data in a compressed format should be used sparingly. Although compression
reduces the number of physical volumes, it makes the data more difficult for users to interpret.
PDS recommerds that data compression be used only in limited situations, such as to compress
very large and infrequently used data, or to archive processed data where the source product is
readily available in a non-compressed PDS archive.

20.1 Zip Software

The Zip method was chosen because the algorithm and supporting software for al major
platforms are available without charge to the general user community. The Info-Zip Consortium
and Info-Zip working group, for example, provide information and software at these URLS:

http://www.info-zip.org/pub/infozip
http://www.fr eesoftwar e.com/pub/infozip

This same information is available on line from PDS at:

http://pds.jpl.nasa.gov

20.2 Zip File Labds

When archiving data in Zip format, two files need to be considered: (1) the zip file itself, and (2)
the data file produced by decompressing the zip file. PDS strongly recommends that these two
files have the same name but different extensions: “.ZIP” for the zip file and a more descriptive
extension (e.g., “.DAT” or “.IMG") for the unzipped file. The“.ZIP" file extension is reserved
exclusively for zip-compressed files within the PDS.



20-2 Chapter 20. Zip Compression

PDS does not recommend the practice of compressing multiple data filesinto a single zip file,
unless those files reside in the same directory and have the same name, but different extensions.
For example, if file“ABC.IMG” contains an image and file “ABC.TAB” contains atable of
additional information relevant to that image, then both files can be archived in the file
“ABC.ZIP’. This will minimize the potential confusion for a user who may not be able to locate
adesired file because it is hidden inside a zip file with a different name.

Like all PDS data files, both the zipped and the unzipped data files require labels. Both files
must be described by a single, detached PDS label file using the combined- detached |abel
approach (see Section 5.2.2). Attached labels are not permitted for Zip-compressed data,
because the user must be able to examine the label before deciding whether or not to decompress
thefile. In acombined-detached label, each individua file is described as a FILE object. Here is
the general framework:

PDS_VERSI ON_I D = PDS3
DATA SET_ID = ...
PRODUCT_I D = ...
(other paraneters relevant to both Zi pped and Unzi pped files)
OBJECT = COWMPRESSED_FI LE
(paraneters describing the conpressed file)
END_OBJECT = COWMPRESSED_FI LE
OBJECT = UNCOWPRESSED_FI LE
(paraneters describing the first unconpressed file)
END_OBJECT = UNCOWPRESSED_FI LE
OBJECT = UNCOWPRESSED FI LE
(paraneters describing a second unconpressed file, if present)
END_OBJECT = UNCOWPRESSED FI LE
END

The first FILE object, the COMPRESSED_FILE, refersto the zipped file; additional FILE
objects, called UNCOMPRESSED_FILEsS, refer to the decompressed data file(s) that the user
will obtain by unzipping the first.

The zip file is described via a“minimal label” (see Section 5.2.3). The following keywords are
required:

FI LE_NAME = nanme of the zipfile
RECORD_TYPE = UNDEFI NED

ENCODI NG_TYPE = ZIP

| NTERCHANGE _FORMAT = BI NARY

a list of the names of all the files archived
inthe zipfile

approxi mate total nunber of bytes in the data
files

a brief description of the zipfile format

UNCOMPRESSED_FI LE_NAME

REQUI RED_STORAGE_BYTES

DESCRI PTI ON
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Typically, the DESCRIPTION is given as a pointer to afile called “ZIPINFO.TXT” found in the
DOCUMENT directory on the same volume.

The subsequent UNCOMPRESSED _FILE object(s) contain complete descriptions of the data
files obtained by unzipping the zip file.

20.3 Packaging Zip Archiveson Volumes

A volume containing zip files with combined-detached |abels as presented above conforms to al
established PDS standards provided both the zip file and its constituent data files are archived.
The unique feature of a Zip-compressed PDS archive volume is thet only the zip files appear; the
UNCOMPRESSED _FILE objects described by the labels are not present on the volume, but can
be obtained by unzipping the zip files provided.

In the interests of long-term archiving, a PDS archive zip file must include all the support files
required to completely recongtitute the labeled data files. Specifically, the zipped archive must
include not only the datafiles, but also the label file(s) for the uncompressed data. Ideally, any
FMT files referenced by "STRUCTURE keywords in the labels should also be included in the
zip file.

Note: Theseadditiona .LBL and .FMT files do not need to be described by
UNCOMPRESSED_FILE objectsin the label, because PDS label and format files never require
labels. Furthermore, the sizes of these files do not need to be included in the value of the
REQUIRED_STORAGE _BYTES keyword. However, the names of these files do need to be
included in the list of UNCOMPRESSED_FILE_NAME values.

20.4 Labe Example
The following is an example of a PDS label for a Zip-compressed datafile.

PDS_VERSI ON_I D

DATA SET_ID

SOURCE_FI LE_NAME
PRODUCT _TYPE

PRODUCT _CREATI ON_TI MVE

PDS3

"HST- S- WFPC2- 4- RPX- V1. 0"
"U20N0101T. SHF"

OBSERVATI ON_HEADER
1998-01-31T12: 00: 00

OBJECT = COVPRESSED FI LE
FI LE_NAME = "0101_SHF. ZI P"
RECORD_TYPE = UNDEFI NED
ENCODI NG_TYPE = ZIP
| NTERCHANGE _FORNMAT = BI NARY
UNCOMVPRESSED_FI LE_NAME = {"0101_SHF. DAT", "0101_SHF.LBL"}
REQUI RED_STORAGE_BYTES = 34560
ADESCRI PTI ON = "ZI Pl NFO. TXT"

END_OBJECT = COVPRESSED FI LE

OBJECT = UNCOVPRESSED FI LE
FI LE_NAME = "0101_SHF. DAT"
RECORD_TYPE = FI XED_LENGTH



RECORD_BYTES
FI LE_RECORDS
AFI TS_HEADER
"HEADER TABLE

OBJECT
HEADER TYPE
| NTERCHANGE _FORNMAT
RECORDS
BYTES
ADESCRI PTI ON
END_OBJECT

OBJECT
NAME
| NTERCHANGE_FORVAT
ROWS
COLUMNS

ROW BYTES
DESCRI PTI ON

OBJECT
NANE
DATA_TYPE
START_BYTE
BYTES
END_OBJECT
END_OBJECT

END_OBJECT
END

20.5 ZIPINFO.TXT Example
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2880

12

("0101_SHF. DAT",
("0101_SHF. DAT",

1 <BYTES>)
25921 <BYTES>)

FI TS_HEADER
FITS

ASCI |

7

20160
"FITS. TXT"
FI TS_HEADER

HEADER _TABLE
HEADER_PACKET
Bl NARY

965

1

2

"This is the HST standard header
cont ai ni ng observati on paraneters.

packet
It is

stored as a sequence of 965 two-byte

i ntegers. For

COLUWN
PACKET_VALUES
MSB_| NTEGER

1

2

COLUWN

HEADER _TABLE

UNCOMPRESSED_FI LE

nore detailed information,
contact Space Tel escope Science Institute.

While the ZIPINFO.TXT fileis not required, it is strongly recommended that this file be
included as part of the process of documenting the contents of azip file. Thefollowing isan
example ZIPINFO.TXT file and the type of information that should be included in the

ZIPINFO.TXT file:

PDS_VERSI ON_I D
RECORD_TYPE

OBJECT

PUBLI CATI ON_DATE
NOTE

END_OBJECT

PDS3
STREAM

TEXT
1999-07- 26

"This file provides an overview of the ZIP

ile format."

TEXT
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END

Many of the files in this data set are conpressed using Zip format.
They are all indicated by the extension ".ZIP'. ZIPis a utility that
conpresses files and also allows for nmultiple files to be stored in a
single Zip archive. You will need the UNZIP utility to extract the
files.

The SOFTWARE directory on this volune contains a conplete description
of the Zip file format and al so the conpl ete source code for the UNZIP
utility. The file format and file deconpression algorithns are
described in the file SOFTWARE/ APPNOTE. TXT.

It is far sinpler to obtain a pre-built binary of the UNZIP application
for your platform Binaries for nost platforns are available fromthe
Info-ZIP web site, currently at these URLs:

http://ww.info-zip.org/pub/infozip
http://ww. freesoftware. conf pub/infozip

The sane information can also be found a the PDS Central Node's web
site, currently at:

http://pds.jpl.nasa. gov/

20.6 Additional Files

As of thiswriting, Zip appears to be a robust standard with along future of general use.
Nevertheless, PDS long-term archiving goals reach well past the lifetime of many popular
standards, past and present. For this reason, any volume containing zip filesis required to
contain a complete description of the zip file format with sample “Unzip” source code. This
information must be located in an appropriate subdirectory of the SOFTWARE directory tree.
The required text and source code may be obtained directly from the Info-Zip web site or by
contacting a Central Node data engineer.
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DATA_SET MAP_PROJECTION_INFO ODJECL......ccceiiitirierieieieiesie et eseeee e see e s e s B-30

(01 10 11T o PSRRI B-26
DATA_SET_NAME

CONSITUENT COMPONENES ... .ecuviiuieiteeieeeesteesteeee s e e ste e e s reesseeseesseesseeseesseeseesseeseesseensesseesseenseaneensesnsesneenns 6-3

LS 1010 6-9

SAE 11 AN NG NAIMES IN....eiiitiiiiiee et bbbttt b e b e bt st e e e e e e e sbesbenbenreas 6-6
DATA_SET_REFERENCE_INFORMATION ODJECL........ccceriiieiinienienie e B-4, B-5

(01 10 11 (T o] TSRS B-28
DATA _SET _TARGET ODJECE.....ccuiiicieciceeeee ettt nneene e B-4, B-5

(0 1< 1] 011 o o OSSP B-29
DATA_SET_TERSE _DESC

LSz 101 LT PR USTOR PP PPN B-5
[N NS U oo ] = ox (0] Y/ OSSR 19-10
0 F= ez BT o TS T o 1SS 11-1
DATA_SUPPLIER ODJECL .....oviiiiiieiecieeiieie ettt st st sbe st e e eneesaessessessessesseesesnennens A-30

(01 1 1o o A-32
datatype

0z e s [ 00T o £ 31

DATA_TYPE
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(S = 10 = 10 IV 1= 31
datatypes

L= o F=X 0 0 b= = = 0 01 | 3-2

table Of StANAArd VAIUES..........cceieceeece ettt e e e e ne e neeteenee e 3-4
date format

(001 01V =011 o] 7= S 7-2

L 1Y 7-2

1= K=o o RSP 7-1

)V 111 7-1
(01 RV Y 07= [ VUSSR 11-1
OESCIIPLION POINLES.......eeieeeiecteeete ettt s e e e s te e beeeesseesseeaseeseesseensesseesseenseaseesseensesneensennnans 14-2
JESCriPLIVE Aala Bl EMENES ... .ottt et sreesbe et e s beenbeeneesreennennnens 5-17
directories

0 LI 7= 0101 8-4

(=SS V7= o [ 07 0 0= TSSO 8-1,10-3

Stz 1010 F= 100 o [ 1= o (o 1 == S 8-1
DIRECTORY ...ttt he ettt b e b sb e bt bt bt e st e he e e e e e £ e e b e e bt ebeeb e e bt e st e ne et e benbenbesbenbeneeas 8-4
directory names

AN ISO 9660 .......eeueenieieiteete st ee et ee e st e te s e s teereese e e e e e eessestesaeeseeseeseeseense s e sseeteeseeReeseeneeneenaentenrenrenreas 8-2

)Y 1= PRSPPSO 8-2
(o Tz w00 YA 7= 1 11 o PSS 8-1
DIRECTORY ODJECL.....ueiiiiiiisiesiestesieeieee et sie ettt testestesbessesseeseeseensesessesbesaesseesennenneens A-130

[0 LT 0T o) o 1SS A-34
directory paths

0 SO I 5 S SSPPSR 8-4

)Y 1175 PSSP 8-4
directory structure

(ST 101 S 8-3

ON SEOUENTIA MEBOIAL ...ttt e e bbbt bt s e e e e e e e nnesrennenne s 8-4
Distributed Inventory System

3 S 3 0 ST G2
DOCINFO.TXT wetttiiieiieiesiesie st ste st ee e seesaesteseestessesseeseesaestessesbasseeseeseeseeneensessessessessens 9-2,19-12, A-126
D1 1O U1V I N O S SRSRPR 9-2

S O Y7 = T S A-36
DOCUMENT ODJECL ....cviiuieiieieiiesiesie sttt ee et ste et besbe st e se e e e e e ssestessesbesseaseeseeseeneensensessensessessensens 9-2

[0 LT 0T o) 1SR A-36
DOCUMENT SUBGITECLONY.......oviiiiiesieitisieeieeee et 19-12,19-13, 20-3
(o (ool 0911 £= 11 o 1SRRI 6-2,9-1

AN DOCUMENT ODJECL .....c.vitiiieiieiieeee ettt e e e s b b nenne e nn s A-36

F N O R 1= {0117 | SO URSSSR 9-3

O Y 7= = T SRS A-36

(o 1= = T o 1 (U1 o S 9-1

example

1= o010 I G OSSP 9-5
(01 =0 1= o ST 9-6
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file labelling
DOCUMENT OBJECE, USB OF ...ttt sttt st nns A-36

L10] 5 117= 9-1

HTIMIL ettt b e bbbt et e et et s b e e bt s bt e bt e st et et e b et e s eeebenreene e ns 9-1,9-4

=07 Ko (o R 9-2

MBIKUD THES.... bbbttt b e b e e bt e bt st e s e e et e e e b srenne e 9-4

NOTEASCI TIIES... ettt b e bbbt bt et e e e b e b et nee b 9-5

FEQUITEA ASCI FOMMIEL.... ..ottt e et e et e s be e b e e e b e e sseesateenbeeanneenneas 9-1

QL= 1 1= S 9-1

(V2= 11 = o] o RSP P TR 9-5
DS MAP_PROJECTION_REF_INFO object

(01 10 11 (T o] TSRS B-30
DVD media

AICNIVE TOMMEL ...t ettt bbb e bt e st e e et e b et e neenae e 11-2
DVD-R

ElIVENY MEAIUM ... bbb bbbt et b e e e et et e b e e eae e 11-1
DVD-ROM

ElIVENY MEAIUM ..o e b e et e et e e et e e s beeaabeeaseesaseenbeesnneenseesnneens 11-1

formatting reCOMMENUELIONS .........coueiiiiiiiiiee et eesn b nr e 11-2

QTS0 S < 1 0T O RSSN 11-2

O SO 11-2

“%‘%
AN o = = | SO B-37
ELEMENT OBJECE ..ottt et a et st e nbe e ene s A-1, A-6

(01 10 11 (T o] TSP A-39
ENCODING TYPE......co oottt ste et ese e et e s tessesbesseaseeseeseessessessessessesseenenneenens 9-5,20-1
DR = (< 01T | PSPPSR 5-18, 16-5
g1 S R (T gL () PR S 7-4
L N 1 N 15 G S 19-8
Exabyte tape

(01 RV Y .07=:o [0 o SRS 11-1
extensions

L6210 =X ) 9-3
Extended Attribute Records (XARS)

ON AEIIVENY QISKS ...ttt sttt e b e et e s et e sbeentesneesbeeneesreennennnans 11-2
EXTRAS SUDTITECIONY ...ttt bbbttt e et st nb e e 19-13
EX T RINFO.TXT ittt bbb bttt b b s bt e bt s bt e bt e st et e e e b et e saenbenreens 19-14

%
LT Lo e = T8 1 (= £ A-123
file CharaCteristiCS data BlEMENTES. ..o e 5-11
file extensions

FESEIVEA EXEENSIONS ... .ceeeeeeee et e e e e e e e e e e e e e e e e e e e e e e e e e aeaeaaas 10-3
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I 0] o = o PSSP 20-2, A-34
(01 10 11 (T o] TSP A-44
L2 o] o PP PTP PPN 5-9
0] o o PSSP 5-9, A-44
table of required and OptioNal ElEMENTS ..o e s A-45
I NN 1 OSSPSR 5-12, A-44
L= 7= 0= TSP 10-1
PR N oie]01V/< o1 (o] o OO SRS 10-2
LS I o 0177 011 o o TS RTRSN 10-2
[SO 9660 LEVEL L ...ttt st b ettt e st b st e bt e st et et e s e nbenbenbenre s 10-2
[SO 9660 LEVEL 2.ttt st bbbttt e s b e b st e bt e st e s e e e e s e ntenrenbenrens 10-2
NATF CONVENTIONS........eiitieiieeieeiee sttt sttt e st e beeseesaeesbeeaeesaeesbeentesseesbeeneesneenbeensenneenes E-13
(55T VS0 S g = TS o S 10-3
(23 AV = o = SRR 10-3
SEQUENTIAl TIIE NAIMES......eiieeee ettt st b et e st e beeneesreeneennneas 10-5
)Y 11172 PSSP RPN PRTI 10-2
FILE_RECORDS......c.ee ittt sttt ettt sb e b bttt e e s et s b e bt sb e bt e ae e st e e e s et e nbenbenbenne e 5-11
file specification
(01 10 1T o] o PR SRTRRN 10-1
LS 1010 SR 10-1
file specification and naming
requIred File EXAMPIES.......cue ettt r e e re s D-11
I S N N SOOI A-81
N PO C-6
0= Lo [ oo o | PSR 3-6
flOatiNG POINT FEPIESENTALION .......evieiteieeeiiei ettt b bbbt et e e e e e n b e ene e 3-6
[ O | N IO B o (0o =1 o TSRO B-2
L0 g7 S o1 o) o= (0] 0SSOSR 3-6
L0 NS O I r= = ] -SSR 3-6
0T o172 YA = N 1= 3-6
%
8Tz 74 L=< g = - TP S TSP 6-3
GAZETTER SUDGITECLOIY ..ottt sttt sttt bt e e et nbenrenne s 19-14
0Tz 7= 1= < = o= 19-15
GAZETTEER_TABLE object
(01 1 1o o S A-48
GAZETTERLLBL ...ttt ettt b e b e bt bt et e e e e be st e nbenre s 19-15
(€7 A = I I 1N = SRS PPRN 19-15
(C 7 A = I I 15 PSSP 19-15
(€7 WA 1\ @ 2 15 PSSR PP PRPRPRN 19-14
(015 0101 1Yo = - TSRS 6-2
GEOMETRY SUDGITECLOIY ......eivieieeiiesiee ittt sttt st st esseesbe et esaeesae e e e sneesbeeneesneees 19-15
(€110 Y 1\ 2 1 G [ SRS 19-15
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INHISTORY OBJECL ...cviitiiiieiieieies ettt bbb b st et e e et e sbe st e e benreeneeneens A-63
INQUBE.......eeeetese sttt s e e et e be s be e b e ese e st ese et e eeeseebeeEeeRe e Rt e Rt et e ntenbeeReeRenreeneeneens A-81
1D IS = 12-16
\%
AN D o o= o PP A-113
(01 1 1o o S A-58
(S 00010 F= 18 V0= = K0 o] =t S 4-1
HISTOGRAM OBJECL ...ttt bbbt e e et et sbeebesneeneenennean A-81
(01 1 1110 TSP A-60
(S 00010 F= 18 V0= = K0 o] =t S 4-1
HISTORY object
0 0 110 12 SRS A-81
(01 1 1o S A-63
\%
|[EEE_COMPLEX
S 017" L= o1 7= AT P PP PR PR URURRRN C-9
|IEEE_REAL
S 0= 0 L (0] 1 7= OSSR C-6
Y ] o o= PSSP A-77, A-81
BN PALETTE . ..ttt bbbt bt bt h et e e e e b e benbeebenaeeneeneens A-77
(00011 (=SS o] 1 SRS 20-1
(01 10 11 (T o] TSP A-67
PrIMArY data ODJECT.........eiuiiteeiieeee et b et bbbt e e e e b e nne e 4-1
stored With TABLE ODJECL ........cuiiie ettt sttt e et enaesneenne e A-120
IMAGE_MAP_PROJECTION ODJECL .....cveiveiiiitieiieiieieiese et eneeneas A-81, B-23
(01 1 1o S RRSSN B-31
INCIUAR TIIES.... ettt bbb bt bt st e e e e et e b et e nbenne e 19-15
LT T (0 (S 0 0 T 1= TSRS 14-1
17012 1 == PSS 6-3
INDEX SUDQITECIONY ......eeceeeiecie ettt sttt et e e e ssa e e eneesseeseenaesseeseeneesreenseanenns 19-10
INDEX_TABLE ...ttt bttt bbbttt et et et e neenbenreenn 19-11
(601011 3 | KS T TP OPR A-72
INDEX_TABLE object
(01 1T 01 o o SRS PRTRRR A-72
INDEX _TYPE......ooi oottt st sttt s et e e testesaeebesseese e s e eseene e e e seseenbesaeeneaneeneenens A-72
N = S 19-11
INDEX . TAB ...ttt sttt b e bbbt ae et et e b e e b e s b e bt s bt e st e e et et e neenbenrenns 19-11
LI = G 15 G PP TRSSRS G2
N1 VL 15 SO 19-10
LS 1010 S D-8
INSTRUMENT object

A INITION ..ot e e e e e e e e e e e e e e e e aaaaaaaes B-37
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INSTRUMENT DESC.... .ottt st sttt st st besbe b s se e e e eensesbesaesbennens B-1
072 o [0 PSRRI B-46
SUDNEAOING TOMMIBES ...ttt bbbttt b e s bt bt bt e e e e e e e benbenbenneas B-1

INSTRUMENT_HOST object
(0 LT 0T o) 1SRRI B-41

INSTRUMENT_HOST_DESC,

72 [0 RS B-43
INSTRUMENT _HOST _ID ..ottt sttt st sttt se et e e ntentesreene e B-37
INSTRUMENT_HOST_INFORMATION object

(01 1 1o SRS B-43
INSTRUMENT_HOST_REFERENCE_INFO object

(0 LT 0T o) 1SRRI B-45
INSTRUMENT_INFORMATION object

(01 1 1o SRS B-46
INSTRUMENT_REFERENCE_INFO object

(0 LT 0T o) 1SRRI B-49
INTEGER ...ttt b bbbt a st e b e ke s b e e b e s b e e bt e bt e st e s e e e et e nb et e nbesbenbeeneeneeneas C-1
integer representations

least significant Dyte first (LSB) ...ceooveiiiieiieee e 35

Most significant BYLE FIrst (IMSB) ......eeiieie ettt ae e sreenes 35

(S L0170 IV LSS o =" S 35
INTERCHANGE _FORMAT ..ottt sie ettt sttt st sse s s e eneensessessesbesseeseesenneenes A-104
INVENTORY object

(01 1 1o SRS B-50
INVENTORY_DATA_SET_INFO object

(0 LT 0T o) 1 PSRRI B-52
INVENTORY_NODE_MEDIA_INFO object

(0T 011 o) o 1O SUPSPRR B-53
|SIS Software

(@8] 2] o] ] = o ST PRSPPI A-80
= = S TP RPRSSRS A-8
ITEM _BY TES ...ttt sttt sttt et et e saeebesbeebeeseeseeneeneeaeseenbesnenrenrens 3-1,A-18
T L s A-8, A-18
SO 9660

(=Y I O T = 7= 0SSOSR 10-2

LEVE 2 FIl@ NAMES......eee ettt ettt e s e et e e s e e e ae e saseeebeesaseenseesaneereeaans 10-2
ITEM_TY PE (ODSOIELE) .....ceeitiiiiiiieieeieie sttt sttt st bbbttt nbe b nre s 31
I S 3-1,A-8,A-18

l‘é

Jaz disks

(01 RV Y .07=:o [0 o SRS 11-1
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I .

KERNEL_TYPE
tall€ Of FIl@ EXIENSIONS ......eeieieece et esreeeesreenseenaeeneenseeneennes A-96
\%
label files
(60011 3 | £S TSROSO 19-10
LABEL_RECORDS .......coiiiitirieiteste sttt st st sb bttt s bbb e bt s st et e e s et e nbenbenbenne e 5-11
LABEL_REVISION _NOTE ....ccoiiiitiiiieeieieie ettt sae st st ste s e eneesestessessessessenns 5-11
LABEL SUBGITECIONY. ...ttt bbbt b et n b snennenne s 19-15
0= T T 0= 0T S 5-1
1= 0 = PSSP 5-1
(075 T PSPPI PRI 5-3
(o0 1o H 1o o U= ="o = o [ 5-1
(012 "0 1< o [P PP PRPRPRN 5-1
LS = 1.1 L= RS 51
[INE TENGLNS ...ttt b bbbt ae et e e e b e nne e 5-3
F= o7 KSR 5-1
a0 S D T I = o= £ 5-11,5-18
=001 o RS 5-1
(05 PRSP 5-3
(00 = e = PSSP PPN 5-3
COMDINE AELACNE...... e et bbb b nns 5-1,5-6
(0[S o oY 1 (0o 1= TSSO PRPR 5-17
(012 "0 1< o [P PP PRPRTRN 5-1
END SEEEMENT ...t e e e n e e ar e s nn e s an e e e e ne e nanes 5-18
FILE ODJECE, EXPIICIT ...ttt bbbttt e e et e b e 5-9
I o o) =t T o) o PSSR 5-9
L0 1 17= PSR 5-3
(0= = o = = PP USRRN 5-3
TN = 0T |1 o 5-3
L0011 0 PP PR 5-8,5-9
Object Description Language (ODL) ......cocueeiereerieeeesieesieseesiee e s ssee s e st seesseessesseesseessesnessseeses 51
(0] 0] = o1 o0 ] L= (=T TSSOSO PR 5-12
attached 1aDEl EXAMPIES ......cc.ece et ene e 5-14
detached 1aDel EXAMPIES ........ooieee e e 5-15
82T [6 [ oo 10RO P PP PR 5-3
pointers
LE0 ] 0 = = o o= o 1SR 5-12
10 TSI TPEIVE TEXE. ...ttt bbbt st e e e b sneeb e e ens 5-17
1O SITUCIUNE THES ...ttt e et st b e e 5-17
Sz 10 2 0 [0 = 7= o) o= KSR 5-17
SEANAAIAS THENEITIENS ...ttt b et e s et e s be e e e s neesbeeneesreennennnans 5-10

structure
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attached and detaChEd ...........ooiiiree bbbttt a b e b 5-4
attached/detaChed EXaMPIE ........oo ettt nre e 55

(oo 0o H a1 "o o U= r='o = o S SSSR 5-6
combined detaChed EXAMPIE ..........ooui it e e e e eesreesreennen 5-7

00T T 0T 7= SRR 5-9
MINIMEI EXAIMPIE ...ttt e e b sb e bt sb e e bt e se e e e e e e e sbeseesrenreas 5-10

S 00 (01 01 1= S 5-17
AN 2 AN 10 SR 19-15
least significant byte first (LSB) StOrage fOrmat ............ooiiiiiieiieeee e C-3

line terminators and delimiters
vis-a-vis byte counts in objects

exclusion of line terminators and delimitersin ODJectS.........cocoveiiiieiin A-18
LINE _DISPLAY _DIRECTION .....oiiiiiicieieiesiese st sttt e eaesaessestessessesse e e sseesaesessessessessessessessennens A-68
LINE_FIRST _PIXEL ..ottt sttt bbbttt et e nne bbb B-31
N Sy I = ) = SO B-31
LINE PREFIX _BYTES ... oi ittt sttt te st ste st ese e e saestesaeetesseesaeseaseessensessessessesseesennennens A-67
LINE_SAMPLES ...ttt bbbt bt bt et et et et et e nb e be st e neeneeneas A-67
LINE_SUFFIX _BYTES ...ttt sttt st be st et e e ntenbesneebesseesennennean A-67
LINES ..ottt sttt et e st st et e R e st Re Rt e Rt e A e EenReeReeReeReeReene e e e tenRenReereereeneeneenean A-67
locally defined data ElEMENLS.........c.ccceeiiee et e e reeneene e reeeeenee e 5-19
(o0 011 £0) =0 11 00 1 Y28 RSSN 5-21
(00 0 | =0 TSRS 5-21
LSz 110 TP O PR 5-19
(Lo L= g 1uN {Tor= o g I SO PTRP 5-21
J18 S L= o] o SRR 5-19
QT2 1SS 0= o PSPPI 521
TEVTEW BT USE.... ittt ettt sttt bt bbbt e s e s et e e e s e e b e e bt e bt e bt ea e e e et et e naenbeneenns 5-21
S 0] 0 o) H UL USRS 5-19
locally defined data € EMENLS...........ooiiiie e r e 19-13
(o= 7= o [Kox 0] 7=V 1 == 19-13
([oTor= I 13 1= SRR 7-4
@@ A I I 11V SRRSO 7-4
logical volumes
multiple logical vOIUMES (AEfINITION) ......cceciieieeiece e 19-1
0= 0T o SRR 19-19
single logical vOlumMe (EfINITION) ........cceiiiiriiieie e 19-1
W OLDESC.CAT ..ottt sttt b e bttt e b e b e s b bt s bt e bt e bt et e st et et e st e benbeebenbeeneeneeneas D-12
LOGICAL_VOLUME _PATH_NAME. ...ttt s A-133, A-134
LOGICAL_VOLUMES......cct ittt sttt sttt aessestesneasenseenaeneens A-133, A-135
I S R 0100 = S See integer representations
LSB_BIT_STRING
S0/ (r= 0[S (01 7= AR C-16
LSB_INTEGER
S 0= 0[S 01 7= O S C-3
LSB_UNSIGNED_INTEGER

S (0] ='0 (S (0] 7= AR USSP C-5
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YA O O 1Y 1 . I OO C-9
YN O LN I = C-1
Y G = PO C-6
MAC_UNSIGNED _INTEGER.......ccocotiieieieieiese sttt sttt ae s e stesnesbesnessennenneenes C-2
MaNAGEMENT COUNCI ...ttt e bbb bt b e s e e e e e e e e e e s e nbeneennenneas 1-1
MAP_PROJECTION_DESC

150 1 070 PSSR B-26
RaT= O (= 0] LU (o] o ISR TP P PP 2-5
MAXIMUM_SAMPLING_PARAMETER ......ooiiiiiiierte et A-88
MEDIUM _FORMAT ..ottt sttt ettt e st e bbbt st et et e e et e st e besbeebensennenneens A-130
IMEDIUM _TY PE. ..ottt sttt e st e be s be e b e st e st e st e e e tessenbesaeabeerennenneens A-130
T TLa 0Tz = 0= SR 5-8, 5-14, G-2
MINIMUM_SAMPLING_PARAMETER ..ottt st A-88
IS L@ NN 0] o= o SO P B-59, B-60, B-62, B-63

(01 1 1o RSN B-54
MISSION_DESC

150 1 070 PSSR B-61
MISSION_HOST object

(0 1< 1] 011 o o OSSP B-59
MISSION_INFORMATION object

(01 10 11 (T o] TSRS B-60
MISSION_OBJECTIVES SUMMARY

72 [0 RSSO B-61
MISSION_REFERENCE_INFORMATION object

(01 1 1o S RRSSN B-62
MISSION_TARGET object

(01 10 11 (T o] o TP RSURRURRRN B-63
most significant byte (MSB) fIrSt INTEGEIS. .....coviieieee e C-1
Y ST 1050 £ S See integer representations

AN COMPIESSEA TALA ......c.veeeeeeeeie ettt e et e s e e st e et e s e e s teeseesaeesseessesaeesseensesneensennnens 20-2

contain NO data ODJECt AEFINITIONS .......coouiiiiiieie ettt be et e sreenae e 5-20
MSB _BIT_STRING

RS0 (r= 0[S (01 7= S C-15
MSB_INTEGER

S 017" L= o1 7= AR PP PRURURURURRSN C-1
MSB_UNSIGNED_INTEGER

S 0= 0 L (0] 1 7= OSSR C-2

l%%

INJA CONSLBNT ...ttt b et R et s e se e e e bt e R e e e e bt R e e e ae e R ne e e e n e s r e e e e nreen s 17-1
NAIF

file NAMING CONVENTIONS........eiiiiieeiericee ettt st et e b e et e e seesbeeteeneesneeneas E-13

INATF TOOLKIT ...ttt bbb et bt bbbt e st e e e e e e b e nb e e b e nbeeneeneennan A-96
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(o TTg= o (0] VS ({0 (o (U = S E-1
055 o PSRRI E-12
A OSSPSR A-44
QT 1SS 7= o S See locally defined data elements
NASA Processing IEVEIS. ..o s See data processing level
native time
LS 1] = 7-3
N [o1aAN o o] Loz o [ Yoo g1 = | SRS 17-1
NULL CONSEANT ..ottt etttk e e st e e be e e e se e e e ase e e amne e e amse e s amseeeanneesnreesnneesnneeaa 17-1
l‘%
(@ N 1 PRSP TPPPRRN 12-15
(o] o = w0 (= T 11 (] SRR 1-3
L0 1.1 USSR 5-17
URL ..ttt bbbt R R bRt R £ R e e e e e A e R e R Rt e Rt e Re e Rt e e et et e benReebenbenne e ens A-1
Object Description LangUage (ODL) ......ccuiieeiereerieeiesee st e e sieeste s sseesteseesseessesse e e ssesneeseeessessesssesnses 51
(0 g = ok = = USSR 12-3
(00001001 01 £ TSROSO 12-13
date anNd tIME FOIMELS. .. ..cuvieiee e e s e e sb e e s b e e s seesateesbeeenseenseesnneans 12-8
(012 (S (0] 1 7= KPS 12-9
e | = = 107 | SO P PP 12-13
L ESN {0207 OSSR 12-13
identifiers
(55 LV/= o [ S PR 12-12
)Y €= TSRS 12-11
implementation
(072 (=10 I 1 = 12-9
IMPIEMENTALTION NOES ... eeitieie e eie sttt et esre e teeseesse e eeeseesseenseessesseeseeneesseensennenns 12-2
L 1= 0T g (0] 017 ST SR 12-6, 12-7
[ANQUAGE SUMIMIANY ...ttt sttt b e et b et e e e s e b e sb e bt s bt e bt e se e e e s e s e nnesneenenneas 12-21
Lo o= I 1 0 ]SS 12-6
NUMENTC VBAIUES ...ttt ettt ettt e ettt e e st e st e e e e sae e seeneeeae e seeneesaeenseenseaneenteansesseeseeneenreentes 12-17
Parameter Value LangUage (PV L) ..c..co oottt st sttt s st nne s 12-25
PDS iMPIEMENTALION. ...ttt bbb bttt e e et e e e nbesresbenreas 12-2
(072 (=100 I 1 = S 12-9
KPR 12-21
SYMBDONIC HTEIAIS ...ttt n b e nne e 12-20
Y o 1 1= 1 = 12-26
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Appendix A. PDS Data Object Definitions

This section provides an dphabeticd reference of gpoproved PDS data object definitions used for
labeling primary and secondary data objects. The definitions include descriptions, lists of required and
optiona keywords, lists of required and optiona subobjects (or child objects), and one or more
examples of specific objects. For amore detailed discussion on primary and secondary data objects,
see the Data Products chapter in this document.

Data object definitions are refined and augmented from time to time, as user community needs arise, 0
object definitions for products desgned under older versions of the Standards may differ sgnificantly.
To check the current state of any object definition, consult a PDS data engineer or elther of these URLS

PDS Catdog Search:  http://pdsproto.j pl.nasa.gov/onlinecatal og/top.cfm
DataDictionary Search: http://pdsproto.jpl.nasa.gov/ddcolstdval/newdd/top.cfm
The examples provided in this Appendix are based on both existing and planned PDS archive products,
modified to reflect the current version of the PDS Standards. Additional examples may be obtained by
contacting a PDS Data Enginesr.

NOTE: Any keywordsin the Planetary Science Data Dictionary may aso be included in a specific
data object definition.

Primitive Objects

There exist four primitive dataobjects: ARRAY; BIT_ELEMENT; COLLECTION; and ELEMENT.
Although these objects are available, they should only be used after careful consideration of the current

high-level PDS Data Objects. Please see the PDS Objects chapter in this document for guiddineson
the use of primitive objects.
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Al ALIAS

The ALIAS object provides amethod for identifying dternate terms or names for approved data
dements or objects within adata sysslem. The ALIAS object isan optiona sub-object of the
COLUMN object.

A.1.1 Required Keywords

1. ALIAS NAME
2. USAGE_NOTE

A.1.2 Optional Keywords

Any

A.1.3 Required Objects

None

A.1.4  Optional Objects

None

A.1l5 Example

The following labd fragment shows the ALIAS object included as a sub-object of a COLUMN:

OBJECT = COLUWN
NANE = ALT_FOOTPRI NT_LONG TUDE
START_BYTE =1
DATA_TYPE = REAL
BYTES = 10
OBJECT = ALI AS
ALl AS_NAME = AR _LON
USAGE_NOTE = "MAGELLAN M T ARCDR SI S"
END_OBJECT = ALI AS
END_OBJECT = COLUWN
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A.2 ARRAY (Primitive Data Object)

The ARRAY object is provided to describe dimensioned arrays of homogeneous objects. Note that an
ARRAY may contain only asingle sub-object, which can itself be another ARRAY or COLLECTION
if required. A maximum of 6 axesisdlowed in an ARRAY . By default, the rightmost axisisthe fagtest
varying axis.

Theoptional “AXIS *” dements are used to describe the variation between successive objectsin the
ARRAY . Vduesfor AXIS ITEMSand “AXIS *” dementsfor multidimensond arraysareligedin
axisorder. The optional START_BY TE data element provides the starting location relative to an
encloang object. If aSTART_BYTE isnot specified, avaue of 1 isassumed.

A.2.1 Required Keywords

1. AXES
2. AXISITEMS
3. NAME

A.2.2 Optional Keywords

AXIS INTERVAL

AXIS NAME

AXIS_UNIT

AXIS START

AXIS_STOP

AXIS ORDER TYPE
CHECKSUM
DESCRIPTION

. INTERCHANGE_FORMAT
10. START BYTE

OCooNogagk~wNPRE

A.2.3 Required Objects
None

Note that while no specific sub-object isrequired, the ARRAY object must contain at least one of the
optiond objects, fallowing. That is, anull ARRAY object may not be defined.
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A.2.4  Optional Objects

ARRAY
BIT_ELEMENT
COLLECTION
ELEMENT

A wbdpE

A.25 Examplel

A-5

Following is an example of atwo-dimensiona spectrum array in a detached labdl.

PDS_VERSI ON_I D
RECORD_TYPE
RECORD_BYTES
FI LE_RECORDS

DATA SET_ID
OBSERVATI ON_I D
TARGET _NAME

| NSTRUVENT _HOST_NAME

| NSTRUVENT _NANVE
PRODUCT | D

OBSERVATI ON_TI VE
START_TI ME

STOP_TI ME

PRODUCT _CREATI ON_TI MVE
A ARRAY

/* Description of Object

OBJECT
NANE
| NTERCHANGE _FORNMAT
AXES
AXI S_| TEMS
AXI S_NAME
AXIS UNIT
AXI S_I NTERVAL
AXI S_START

OBJECT
DATA_TYPE
BYTES
NAME
DERI VED_MAXI MUM
DERI VED_M NI MUM
OFFSET

in Fi

PDS3

FI XED_LENGTH
1600

180

"I HW C- SPEC- 2- EDR- HALLEY- V1. 0"

"704283"

"HALLEY"

"I HW SPECTROSCOPY AND SPECTROPHOTOMETRY
NETWORK"

"I HW SPECTROSCOPY AND SPECTROPHOTOMETRY™
"704283"

1986- 05-09T04: 10: 20. 640

1986- 05-09T04: 07: 50. 640

UNK

1993-01-01T0O0: 00: 00. 000

" SPEC2702. DAT"

le */

ARRAY
" 2D SPECTRUM'

Bl NARY

2

(180, 800)

(" RHO', " APPROXI MATE WAVELENGTH")
( ARCSEC, ANGSTROVS)

(1.5,7.2164)

(1.0, 5034. 9)

ELEMENT
MSB_| NTEGER
2

COUNT

2. 424980E+04
0. 000000E+00
0. 000000E+00
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A.2.6

SCALI NG_FACTOR

NOTE

END_OBJECT
END_OBJECT
END

Example 2

Appendix A. PDS Data Object Definitions

1. 0O00000E+00

"Conversion factor 1.45 may be applied

to data to estimte photons/sq

nm sec/ angstrom at 6800 angstrons."

ELEMENT
ARRAY

The following label shows ARRAY, COLLECTION and ELEMENT primitive objects dl used
together.

PDS_VERSI ON_I D
RECORD_TYPE
RECORD_BYTES

FI LE_RECORDS

NARRAY

DATA SET_ID
TARGET _NAME
SPACECRAFT_NAME
| NSTRUVENT _NANVE
PRODUCT | D
START_TI ME
STOP_TI ME

SPACECRAFT_CLOCK_START_COUNT
SPACECRAFT_CLOCK_STOP_COUNT

NOTE

OBJECT
NAME

| NTERCHANGE_FORMAT

AXES
AXI S_| TEMS
DESCRI PTI ON

OBJECT
NAME
BYTES
DESCRI PTI ON

OBJECT
NAME
BYTES
DATA_TYPE

PDS3

FI XED_LENGTH
122

7387

"M SCHAO1. DAT"

"VEGAL- C- M SCHA- 3- RDR- HALLEY- V1.

HALLEY

"VEGA 1"

" MAGNETOMVETER"
" XYZ"

" UNK"

" UNK"

" UNK"

" UNK"

"VEGA 1 M SCHA DATA"

ARRAY

M SCHA DATA FI LE

Bl NARY

1

7387

"This file contains an array of
Il ength M scha records.”

COLLECTI ON
M SCHA_RECORD
122

0"

fixed-

"Each record in this file consists of a
time tag foll owed by a 20-el ement array

of magnetic field vectors."”

ELEMENT
START_TI ME
2

MSB_| NTEGER
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START_BYTE
END_OBJECT

OBJECT
NANE
AXES
AXI S_| TEMS
START_BYTE
AXI S_NAME
AXIS UNIT
AXI S_I NTERVAL
DESCRI PTI ON

OBJECT
NANE
BYTES
DATA_TYPE
START_BYTE
END_OBJECT
END_OBJECT

END_OBJECT

END_OBJECT
END

A-7

1
ELEMENT

ARRAY

MAGNETI C_FI ELD_ARRAY

2

(3, 20)

3

(" XYZ_COVPONENT", "TI ME" )

("N A" , " SECOND")

("N A" , 0.2 )

"“Magnetic field vectors were recorded at
the rate of 10 per second. The
START_TIME field gives the tinme at
which the first vector in the record
was recorded. Successive vectors were
recorded at 0.2 second intervals."”

ELEMENT

MAG_FI ELD_COVPONENT_VALUE
2

MSB_| NTEGER

1

ELEMENT

ARRAY

COLLECTI ON

ARRAY



A-8 Appendix A. PDS Data Object Definitions

A3 BIT_COLUMN

The BIT_COLUMN object identifies agtring of bits that do not fal on even byte boundaries and
therefore cannot be described as a distinct COLUMN. BIT_COLUMNSs defined within columns are
anadogous to columns defined within rows.

Notes:

(1) The Planetary Data System recommends that al fields (within new objects) be defined on byte
boundaries. This precludes having multiple vaues strung together in bit strings, as occursin the
BIT_COLUMN object.

(2) BIT_COLUMN isintended for usein describing existing binary data strings, but is not
recommended for use in defining new data objects because it will not be recognized by most
genera purpose software.

(3) A BIT_COLUMN must not contain embedded objects.

BIT_COLUMNSs of the same format and size may be specified asasingle BIT_COLUMN by using
the ITEMS, ITEM_BITS, and ITEM_OFFSET dements. The ITEMS data dement is used to indicate
the number of occurrences of abit string.

A.3.1 Required Keywords

NAME

BIT_DATA_TYPE

START BIT

BITS (required for BIT_COLUMNSs without items)
DESCRIPTION

g s wbdpE

A.3.2 Optional Keywords

BIT_MASK

BITS (optiond for BIT_COLUMNSswith ITEMS)
FORMAT

INVALID_CONSTANT

ITEMS

ITEM_BITS

ITEM_OFFSET

MINIMUM

MAXIMUM

OWCoNogakwWNPRE
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10. MISSING_CONSTANT
11. OFFSET
12. SCALING_FACTOR

13. UNIT

A.3.3 Required Objects
None

A.3.4 Optional Objects
None

A.35 Example

A-9

The label fragment below was extracted from alarger example which can be found under the
CONTAINER object. The BIT_COLUMN object can be a sub-object only of a COLUMN object,
but that COLUMN may itsalf be part of a TABLE, SPECTRUM, SERIES or CONTAINER object.

OBJECT
NAME
DATA_TYPE
START_BYTE
BYTES
VALI D_M NI MUM
VALI D_MAXI MUM
DESCRI PTI ON

OBJECT
NANE
BI T_DATA TYPE
START BI T
BI TS
M NI MUM
MAXI MUM
DESCRI PTI ON

END_OBJECT

COLUWN
PACKET | D
LSB_BI T_STRI NG
1

2
0
7
"Packet id constitutes one of three
parts in the primary source information
header applied by the Payl oad Data
System (PDS) to the MOLA telenetry
packet at the time of creation of the

packet prior to transfer frane
creation.”

BI T_COLUWN

VERSI ON_NUVBER
MSB_UNSI GNED_| NTEGER
1

3
0
7
"These bits identify Version 1 as the
Source Packet structure. These bits

shall be set to '000'."
BI T_COLUW



OBJECT

NANE

Bl T_DATA TYPE
START BI T

BI TS

M NI MUM

MAXI MUM
DESCRI PTI ON

END_OBJECT

OBJECT

NANE

Bl T_DATA TYPE
START BI T

BI TS

M NI MUM

MAXI MUM
DESCRI PTI ON

END_OBJECT

OBJECT

NANE

Bl T_DATA TYPE
START BI T

BI TS

M NI MUM

MAXI MUM
DESCRI PTI ON

END_OBJECT

OBJECT

NANE

BI T_DATA TYPE
START BI T

BI TS

M NI MUM

MAXI MUM
DESCRI PTI ON

END_OBJECT
END_OBJECT
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Bl T_COLUWN

SPARE

MSB_UNSI GNED_| NTEGER

4

1

0

0

"Reserved spare. This bit shall be set
to '0""

Bl T_COLUWN

Bl T_COLUWN

FLAG

BOOLEAN

5

1

0

0

"This flag signals the presence or
absence of a Secondary Header data
structure within the Source Packet.
This bit shall be set to '0'" since no
Secondary Header formatting standards
currently exist for Mars Cbserver."

Bl T_COLUWN

Bl T_COLUWN

ERROR_STATUS

MSB_UNSI GNED_| NTEGER

6

3

0

7

"This field identifies in part the

i ndi vi dual application process within
the spacecraft that created the Source
Packet data."

Bl T_COLUWN

Bl T_COLUWN

| NSTRUVENT_I D

MSB_UNSI GNED_| NTEGER

9

8

"N A

"N A

"This field identifies in part the

i ndi vi dual application process within
the spacecraft that created the Source
Packet data. 00100011 is the bit
pattern for MOLA. "

Bl T_COLUWN

COLUWN
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A4 BIT ELEMENT (Primitive Data Object)

Under review.
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A5 CATALOG

The CATALOG object is used within aVOLUME object to reference the completed PDS high-levd
catalog object set. The catalog object set provides additiona information related to the data setson a
volume. Please refer to the File Specification and Naming chapter in this document for more
information.

A51 Required Keywords

None

A.5.2 Optional Keywords

1. DATA SET ID
2. LOGICAL_VOLUME_PATHNAME
3. LOGICAL_VOLUMES

A.53 Required Objects

DATA_SET
INSTRUMENT
INSTRUMENT _HOST
MISSION

A wbdpE

A.5.4 Optiona Objects

DATA_SET_COLLECTION
PERSONNEL
REFERENCE

TARGET

A owbdpE

A55 Example

The example below isaVOLDESC.CAT file for avolume containing multiple deta sets. In this case,
the catalog objects are provided in separate files referenced by pointers.

PDS_VERSI ON_I D = PDS3
LABEL_REVI SI ON_NOTE ="1998-07-01, S. Joy (PPI);"
RECORD_TYPE = STREAM



Appendix A. PDS Data Object Definitions

OBJECT
VOLUVE_SERI ES_NAME
VOLUME_SET_NAME

VOLUMVE_SET_| D
VOLUMES
VOLUVE_NAVE

VOLUME_I D
VOLUME_VERSI ON_| D
VOLUME_FORMAT

MEDI UM _TYPE

PUBL| CATI ON_DATE
DESCRI PTI ON

DATA SET_ID

OBJECT
I NSTI TUTI ON_NAME

A-13

VOLUME

"VOYAGERS TO THE OUTER PLANETS"
"VOYAGER NEPTUNE PLANETARY PLASMA

| NTERACTI ONS DATA"

USA_NASA PDS VG 1001

1

"VOYAGER NEPTUNE PLANETARY PLASMA

| NTERACTI ONS DATA"

VG 1001

"VERSI ON 1"

"1 SO 9660"

" CD- ROM'

1992-11-13

"This volune contains a collection of
non-i magi ng Pl anetary Pl asm datasets
fromthe Voyager 2 spacecraft encounter
with Neptune. Included are datasets
fromthe Cosnic Ray System (CRS),

Pl asma System (PLS), Plasna Wave System
(PWB), Planetary Radi o Astronony (PRA),
Magnet oreter (MAG, and Low Energy
Charged Particle (LECP) instrunents, as
wel | as spacecraft position vectors
(POS) in several coordinate systens.
The vol ume al so contains docurmentation
and index files to support access and
use of the data."

= {"V&- N- CRS- 3- RDR- D1- 6SEC- V1. 0",

"VG2- N- CRS- 4- SUMWM D1- 96SEC- V1. 0",

"VG2- N- CRS- 4- SUMWM D2- 96SEC- V1. 0",

"VG2- N- LECP- 4- SUMt SCAN- 24SEC- V1. 0",

"VG2- N- LECP- 4- RDR- STEP-12. 8M N- V1. 0",
"VG2- N- MAG- 4- RDR- HG- COORDS- 1. 92SEC- V1. 0",
"VG2- N- MAG- 4- SUMM HG- COORDS- 48SEC- V1. 0",
"VG2- N- MAG- 4- RDR- HG- COORDS- 9. 6SEC- V1. 0",
"VG2- N- MAG- 4- SUMM NLSCOORDS- 12SEC- V1. 0",
"VG2- N- PLS- 5- RDR- 2PROVAGSPH- 48SEC- V1. 0",
"VG2- N- PLS- 5- RDR- ELEMAGSPHERE- 96SEC- V1. 0",
"VG2- N- PLS- 5- RDR- | ONMAGSPHERE- 48SEC- V1. 0",
"VG2- N- PLS- 5- RDR- | ONLMODE- 48SEC- V1. 0",
"VG2- N- PLS- 5- RDR- | ONMMODE- 12M N- V1. 0",
"VG2- N- PLS- 5- RDR- | ON- | NBNDW ND- 48SEC- V1. 0",
"VG2- N- POS- 5- RDR- HGHGCOORDS- 48SEC- V1. 0",
"VG2- N- PGS- 5- SUMM NLSCOORDS- 12- 48SEC- V1. 0",
"VG2- N- PRA- 4- SUMM BROWSE- SEC- V1. 0",

"VG2- N- PRA- 2- RDR- HI GHRATE- 60M5- V1. 0",
"VG2- N- PW5- 2- RDR- SA- 4SEC- V1. 0",

"VG2- N- PW6- 4- SUMM SA- 48SEC- V1. 0",

"VG&2- N- PW6- 1- EDR- WFRM 60MS- V1. 0"}

DATA_PRODUCER

= "UNI VERSI TY OF CALI FORNI A, LOS ANGELES"
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FACI LI TY_NAVE
FULL_NANE

DI SCI PLI NE_NAME
ADDRESS_TEXT

"PDS PLANETARY PLASMA | NTERACTI ONS NODE"

Appendix A. PDS Data Object Definitions

"DR. RAYMOND WALKER'
"PLASMA | NTERACTI ONS"

"UCLA
| GPP

LOS ANGELES, CA 90024 USA"

END_OBJECT = DATA_PRODUCER
OBJECT = DATA_SUPPLI ER
| NSTI TUTI ON_NAME = "NATI ONAL SPACE SCl ENCE DATA CENTER'
FACI LI TY_NAME = "NATI ONAL SPACE SCl ENCE DATA CENTER'
FULL_NAME = "NATI ONAL SPACE SCl ENCE DATA CENTER'
DI SCI PLI NE_NAME = "NATI ONAL SPACE SCl ENCE DATA CENTER'
ADDRESS_TEXT = "Code 633 \n
Goddard Space Flight Center \n
Greenbel t, Maryland, 20771, USA"
TELEPHONE_NUMBER = "3012866695"
ELECTRONI C_MAI L_TYPE = "NSI / DECNET"

ELECTRONI C_MAIL_I D = " NSSDCA: : REQUEST"

END_OBJECT = DATA_SUPPLI ER
OBJECT = CATALOG
AM SSI ON_CATALOG = "M SSI ON. CAT"
A] NSTRUMVENT _HOST_CATALOG = "| NSTHOST. CAT"
A] NSTRUVENT _CATALOG = {"CRS_I NST. CAT",
" LECPI NST. CAT",
" MAG_| NST. CAT",
"PLS_I NST. CAT",
"PRA_| NST. CAT",
" PWS_I NST. CAT"}
ADATA_SET_CATALOG = {"CRS_DS. CAT",
" LECP_DS. CAT",
" MAG_DS. CAT",
"PLS_DS. CAT",
" POS_DS. CAT",
" PRA_DS. CAT",
" PWS_DS. CAT"}
ATARGET _CATALOG = TARGET. CAT
APERSONNEL_ CATALOG = PERSON. CAT
AREFERENCE_CATALOG = REF. CAT
END_OBJECT = CATALOG
END_OBJECT = VOLUME

END
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A.6 COLLECTION (Primitive Data Object)

The COLLECTION object dlows the ordered grouping of heterogeneous objects into a structure. The
COLLECTION object may contain a mixture of different object types, including other
COLLECTIONSs. The optional START_BY TE data dement provides the starting location rlative to an
enclosing object. If aSTART_BYTE is not specified, avaue of 1 isassumed.

A.6.1 Required Keywords

1. BYTES
2. NAME

A.6.2 Optional Keywords

DESCRIPTION
CHECKSUM
INTERCHANGE_FORMAT
START_BYTE

> owbdhpE

A.6.3 Required Objects

None

Note that dthough a specific sub-object is not required, the COLLECTION must contain at least one
of the optiona objects listed following. That is, anull COLLECTION may not be defined.

A.6.4 Optional Objects

ELEMENT
BIT_ELEMENT
ARRAY
COLLECTION

A owbdpE

A.6.5 Example

Please refer to Section A.2.6, Example 2 under the ARRAY object for an illugtration of the
COLLECTION object used in conjunction with other primitive objects.
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A.7 COLUMN

The COLUMN object identifies asingle column in a data object.

Notes:
(1)  Current PDS data objects that include COLUMN objects are the TABLE,
CONTAINER, SPECTRUM and SERIES objects.

(20 COLUMNSsmust not themselves contain embedded COLUMN objects.

(3 COLUMNSsof the same format and sze which condtitute a vector may be specified asa
sngle COLUMN by usng the ITEMS, ITEM_BYTES, and ITEM_OFFSET eements. The
ITEMS data eement indicates the number of occurrences of thefidd (i.e., dementsin the
vector).

(40 BYTESandITEM_BYTES counts do not include leading or trailing deimiters or line
terminators.

(5) ForaCOLUMN containing ITEMS, the value of BY TES should represent the total sze of
the column including ddimiters between the items. (See examples 1 and 2 below.)

A.7.1 Required Keywords

NAME

DATA_TYPE

START BYTE

BYTES (required for COLUMNSs without ITEMS)

AwbdpE

A.7.2 Optional Keywords

BIT_MASK

BYTES (optional for COLUMNSswith ITEMS)
COLUMN_NUMBER
DERIVED_MAXIMUM
DERIVED_MINIMUM
DESCRIPTION
FORMAT
INVALID_CONSTANT
. ITEM_BYTES

10. ITEM_OFFSET

11. ITEMS

12. MAXIMUM

©OCoo~NogakrwNPRE



Appendix A. PDS Data Object Definitions

13. MAXIMUM_SAMPLING_PARAMETER
14. MINIMUM

15. MINIMUM_SAMPLING_PARAMETER
16. MISSING_CONSTANT

17. OFFSET

18. SAMPLING_PARAMETER_INTERVAL
19. SAMPLING_PARAMETER_NAME

20. SAMPLING_PARAMETER_UNIT

21. SCALING_FACTOR

22. UNIT

23. VALID_MAXIMUM
24.VALID_MINIMUM

A.7.3 Required Objects

None

A.7.4  Optional Objects

1. BIT_COLUMN
2. ALIAS

A.75 Examplel

The labd fragment below shows asmple COLUMN object, in this case from an ASCIlI TABLE.

OBJECT

NANE

START_BYTE

BYTES

DATA_TYPE

FORMAT

UNI T

M SSI NG_CONSTANT
END_OBJECT

A.7.6 Example?2

COLUWN

" DETECTOR TEMPERATURE"
27

5

ASCI | _REAL

"F5. 1"

" KELVI N'

999. 9

COLUWN

A-17

The fragment below shows two COLUMNS containing multiple items. The firs COLUMN is a vector
containing three ASCI1_INTEGER items. xX, yy, zz. The second COLUMN contains three character
items “xx”, “yy” and “zz". Note that the vaue of BY TES includes the comma delimiters between items,
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but the ITEM_BYTES value does not. The ITEM_OFFSET is the number of bytes from the beginning

of one item to the beginning of the next.

OBJECT
NANE
DATA_TYPE
START_BYTE
BYTES
| TEMS
| TEM BYTES
| TEM OFFSET

END_OBJECT

OBJECT
NAME
DATA_TYPE
START_BYTE
BYTES

| TEMS
| TEM BYTES

| TEM OFFSET
END_OBJECT

A.77 Example3

COLUWN
COLUWN
ASCI | _
1

8 /*i
3

2

3
COLUWN

COLUWN
COLUWN

1XYZ
I NTEGER

ncl udes delimters*/

2XYZ

CHARACTER

2 /*

12 />
/*

3

2 /*
/*

5 /*

COLUWN

val ue does not i ncl ude
val ue does not i ncl ude
trailing quotes */

| eadi ng quot e
| eadi ng and

val ue does not i ncl ude
trailing quotes */
val ue does not i ncl ude

| eadi ng and

| eadi ng quot e

*/
*/

*/

*/

The fragment below was extracted from alarger example which can be found under the CONTAINER
object. It illustrates a single COLUMN object subdivided into severad BIT_COLUMN fields.

OBJECT
NAME
DATA_TYPE
START_BYTE
BYTES
VALI D_M NI MUM
VALI D_MAXI MUM
DESCRI PTI ON

OBJECT
NANE
Bl T_DATA TYPE
START BI T
BI TS
M NI MUM
MAXI MUM

~NO Wk

COLUWN

PACKET_I D

LSB_BI T_STRI NG

1

2

0

7

"Packet _id constitutes one of three
parts in the primary source

i nformati on header applied by the
Payl oad Data System (PDS) to the MOLA
telenetry packet at the tinme of
creation of the packet prior to
transfer frame creation. "

BI T_COLUWN
VERSI ON_NUVBER
MSB_UNSI GNED_| NTEGER



Appendix A. PDS Data Object Definitions

DESCRI PTI ON

END_OBJECT

OBJECT
NAVE
BI T_DATA TYPE
START BI T
BI TS
M NI MUM
MAXI MUM
DESCRI PTI ON

END_OBJECT

OBJECT
NANE
Bl T_DATA TYPE
START BI T
BI TS
M NI MUM
MAXI MUM
DESCRI PTI ON

END_OBJECT

OBJECT
NANE
BI T_DATA TYPE
START BI T
BI TS
M NI MUM
MAXI MUM
DESCRI PTI ON

END_OBJECT

OBJECT
NANE
BI T_DATA TYPE
START BI T
BI TS
M NI MUM
MAXI MUM
DESCRI PTI ON
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"These bits identify Version 1 as the
Source Packet structure. These bits
shall be set to '000'."

BI T_COLUWN

Bl T_COLUMN

SPARE

MSB_UNSI GNED_| NTEGER

4

1

0

0

"Reserved spare. This bit shall be set
to '0""

Bl T_COLUWN

Bl T_COLUWN

FLAG

BOOLEAN

5

1

0

0

"This flag signals the presence or
absence of a Secondary Header data
structure within the Source Packet.
This bit shall be set to '0' since no
Secondary Header formatting standards
currently exist for Mars Cbserver."

Bl T_COLUWN

Bl T_COLUWN

ERROR_STATUS

MSB_UNSI GNED_| NTEGER

6

3

0

7

"This field identifies in part the

i ndi vi dual application process within
the spacecraft that created the Source
Packet data."

Bl T_COLUWN

Bl T_COLUWN

| NSTRUMENT_I D

MSB_UNSI GNED_| NTEGER

9

8

"N A

"N A

"This field identifies in part the

i ndi vi dual application process within
the spacecraft that creeated the Source
Packet data. 00100011 is the bit
pattern for MOLA. "



A-20

END_OBJECT
END_OBJECT

Bl T_COLUWN
COLUWN

Appendix A. PDS Data Object Definitions
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A.8 CONTAINER

The CONTAINER object is used to group a set of sub-objects (such as COLUMNS) that repeat
within a data object (such asa TABLE). Use of the CONTAINER object alows repeating groups to
be defined within a data structure.

A.8.1 Required Keywords

NAME
START_BYTE
BYTES
REPETITIONS
DESCRIPTION

SIS I

A.8.2 Optional Keywords

Any

A.8.3 Required Objects

None

A.8.4 Optional Objects

1. COLUMN
2. CONTAINER

A.85 Example

The set of labels and format fragments below illustrates a data product layout in which the
CONTAINER object is used. The primary data product isa TABLE of data records. Each record
within the TABLE begins with 48 columns (143 bytes) of engineering data. The data product acquires
science data from seven different frames. Since the data from each frame are formatted identicaly, one
CONTAINER description suffices for al seven frames.

In this example there are two CONTAINER objects. The firss CONTAINER object describes the
repeating frame information. Within this CONTAINER thereis a second CONTAINER object in
which a4-byte set of three COLUMN objects repesats 20 times. The use of the second CONTAINER
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object permits the data supplier to describe the three COLUMNS (4 bytes) once, instead of specifying

Sxty column definitions.

48 Columns of
Eng./Hskeeping Data | Fr1 Fr2 Fr3 | Frd Frs Fré | Fr7
1 143 277 411 545 679 B13 947 1080
S 5
Container # 1 ] g 46 Columns | times 7 frames (Fr1 - Fr 7)
1 81 134
Caontainer #2 3 Columns times 20 shots (51 - S20)
1 4

In the firss CONTAINER, the keyword REPETITIONS isequal to 7. In the second CONTAINER,
REPETITIONS equals 20. Both CONTAINER objects contain a collection of COLUMN objects. In
most casesit is preferable to save pace in the product [abdl by placing COLUMN objectsin a
separate file and pointing to that file from within the CONTAINER object.

This attached labd example describes the above TABLE structure using CONTAINER objects.

PDS_VERSI ON_| D
RECORD_TYPE

FI LE_RECORDS
RECORD_BYTES
LABEL_RECORDS
FI LE_NAME

AMOLA_SCI ENCE_MODE_TABLE
DATA SET_ID

PRODUCT | D

SPACECRAFT_NAME

| NSTRUVENT I D

| NSTRUVENT _NANME

TARGET _NAME

SOFTWARE_NANME

UPLOAD | D

PRODUCT _RELEASE_DATE
START_TI ME

STOP_TI ME
SPACECRAFT_CLOCK_START_COUNT
SPACECRAFT_CLOCK_STOP_COUNT

PDS3

FI XED_LENGTH
467

1080

4

" AEDR. AO1"

5

"MO- M MOLA- 1- AEDR- LO- V1. 0"
" MOLA- AEDR- 10010- 0001"
MARS_OBSERVER

MOLA
MARS_OBSERVER_LASER _ALTI METER
MARS

"BROWGER 17. 1"

"5.3"

1994-12-29T02: 10: 09. 321
1994-09- 29T04: 12: 43. 983
1994- 09- 29T06: 09: 54. 221
"12345"

"12447"
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PRODUCT _CREATI ON_TI MVE =
M SSI ON_PHASE_NANE =
ORBI T_NUVMBER =
PRODUCER | D =
PRODUCER_FULL_NAVME =
PRODUCER | NSTI TUTI ON_NANE
DESCRI PTI ON =

A-23

1994-01- 29T07: 30: 333

MAPPI NG

0001

MO_MOLA_TEAM

"DAVID E. SM TH"

" GODDARD SPACE FLI GHT CENTER"
"This data product contains the

aggregation of MOLA telenetry packets by Orbit. Al Experinent
Dat a Record Packets retrieved fromthe PDB are collected in this
data product. The AEDR data product is put together with the

Proj ect - provi ded software

OBJECT =
| NTERCHANGE _FORNMAT =
ROAS =
COLUWNS =
ROW BYTES =
ASTRUCTURE =
DESCRI PTI ON =

t ool Browser."

MOLA SCI ENCE_MODE_TABLE

Bl NARY

463

97

1080

" MOLASCI . FMT"

= "This table is one of two that describe

t he arrangenent of |nf0rrrat| on on the Mars Observer Laser
Al tinmeter (MOLA) Aggregated Engi neering Data Record (AEDR). ..."

END_OBJECT

END

Contents of the MOLASCI.FMT file:

OBJECT
NAME
DATA_TYPE
START_BYTE
BYTES
VALI D_M NI MUM =
VALI D_MAXI MUM =
DESCRI PTI ON =

MOLA_SCl ENCE_MODE_TABLE

COLUWN

PACKET I D

LSB BI T_STRI NG

1

2

0

7

"Packet id constitutes one of three

parts in the primary source information header applied by the

Payl oad Data System (PDS)
of creation of the packet

OBJECT =
NANME =
Bl T_DATA TYPE =
START BIT =
BI TS =
M NI MUM =
MAXI MUM =
DESCRI PTI ON =
Sour ce Packet structure.
END OBJECT =

OBJECT =

to the MOLA telenmetry packet at the tine
prior to transfer frame creation.”

Bl T_COLUWN

VERSI ON_NUMBER

UNSI GNED_| NTEGER

1

3

0

7

"These bits identify Version 1 as the
These bits shall be set to '000."

Bl T_COLUWN

BI T_COLUWN
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NAME = SPARE
Bl T_DATA_TYPE = UNSI GNED_I NTEGER
START_BIT =4
BI TS =1
M NI MUM =0
MAXI MUM =0
DESCRI PTI ON = "Reserved spare. This bit shall be set
to '0""
END_OBJECT = BI T_COLUW
OBJECT = BI T_COLUW
NAME = SECONDARY_HEADER_FLAG
Bl T_DATA_TYPE = BOOLEAN
START_BIT =5
BI TS =1
M NI MUM =0
MAXI MUM =0
DESCRI PTI ON = "This flag signals the presence or

absence of a Secondary Header data structure within the Source
Packet. This bit shall be set to '0'" since no Secondary Header
formatting standards currently exist for Mars Observer."

END_OBJECT = BI T_COLUW
OBJECT = BI T_COLUW
NAME = ERROR_STATUS
Bl T_DATA_TYPE = UNSI GNED_I NTEGER
START_BIT =6
BI TS =3
M NI MUM =0
MAXI MUM =7
DESCRI PTI ON = "This field identifies in part the

i ndi vi dual application process within the spacecraft that created
t he Source Packet data."

END_OBJECT = BI T_COLUW
OBJECT = BI T_COLUW
NAME = I NSTRUMENT_I D
Bl T_DATA_TYPE = UNSI GNED_I NTEGER
START_BIT =9
BI TS =8
M NI MUM = 2#0100011#
MAXI MUM = 2#0100011#
DESCRI PTI ON = "This field identifies in part the

i ndi vi dual application process within the spacecraft that created
the Source Packet data. 00100011 is the bit pattern for MOLA "

END_OBJECT = BI T_COLUW
END_OBJECT = COLUW
OBJECT = COLUWN

NANE = COMMVAND_ECHO

DATA_TYPE = | NTEGER

START_BYTE = 125
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BYTES

| TEMS

| TEM BYTES
M NI MUM
MAXI MUM
DESCRI PTI ON
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16

8

2

0

65535

"First 8 conmand words received during

current packet, only conplete conmands are stored, MOLA specific
commands only. The software attenpts to echo all valid commands.

If the command wil |
END OBJECT

OBJECT

NANVE

DATA TYPE

START_BYTE

BYTES

M NI MUM

MAXI MUM

DESCRI PTI ON
contents upon conple
This word is zeroed,

fit

tion.
t hen

in the roomrenmaining in the..."

COLUWN

COLUWN

PACKET_VALI DI TY_CHECKSUM

| NTEGER

141

2

0

65535

"Sinple 16 bit addition of entire packet
This location is zeroed for addition.

words 0-539 are added without carry to a

variable that is initially zero. The resulting | ower 16 bits

are..."
END_OBJECT

OBJECT
NAME
ASTRUCTURE

START_BYTE
BYTES

REPETI TI ONS
DESCRI PTI ON

COLUWN

CONTAI NER

FRAME_STRUCTURE

"MOLASCFR. FMI" /*points to the col ums*/
/*that make up the frame descriptors */
143

134

7

"The frame_structure container

represents the format of seven repeating groups of attributes in
The data product reflects science data
acquisition fromseven different frames. Since the data from each

this data product.
frame are ..."
END_OBJECT

Contents of the MOLASCFR.FMT FILE:

OBJECT

NAME

START_BYTE

BYTES

REPETI TI ONS
ASTRUCTURE
DESCRI PTI ON

(range to surface co

unts,

CONTAI NER

CONTAI NER

COUNTS

1

4

20

" MOLASCCT. FMT™

"This container has three sub-el enments
1st channel received pul se energy, and

2nd channel received pul se energy). The three sub-elenents repeat

for each of 20 shots
END OBJECT

CONTAI NER
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OBJECT
NAME
DATA_TYPE
START_BYTE
BYTES
M NI MUM
MAXI MUM

DESCRI PTI ON

END_OBJECT

OBJECT
NAME
DATA_TYPE
START_BYTE
BYTES
M NI MUM
MAXI MUM

DESCRI PTI ON

END_OBJECT

OBJECT
NAME
DATA_TYPE
START_BYTE
BYTES
M NI MUM
MAXI MUM

DESCRI PTI ON

END_OBJECT

OBJECT
NAME
DATA_TYPE
START_BYTE
BYTES
M NI MUM
MAXI MUM

DESCRI PTI ON

Appendix A. PDS Data Object Definitions

COLUWN
SHOT_2_LASER TRANSM TTER_POWR
UNSI GNED_| NTEGER

81

1

0

65535

COLUWN

COLUWN
SHOT_1_LASER TRANSM TTER_POWR
UNSI GNED_| NTEGER

82

1

0

65535

COLUWN

COLUWN
SHOT_4_LASER TRANSM TTER_POWR
UNSI GNED_| NTEGER

83

1

0

65535

COLUWN

COLUWN

CH_3_2ND_HALF_FRAME_BKGRND_CN

UNSI GNED_| NTEGER

133

1

0

255

"The background energy or noise count

I evels in channels 1, 2, 3, and 4 respectively by hal f-frane.
Pseudo | og value of NO SE(1, 2, 3, 4) at the end of a half-frane

of current frane,
sum . ."

END_OBJECT

OBJECT
NAME
DATA_TYPE
START_BYTE
BYTES
M NI MUM
MAXI MUM

5.3 bit

format. Plog base 2 of background count

COLUWN

COLUWN

CH 4_2ND_HALF_FRAVE_BKGRND CN
UNSI GNED_| NTEGER

134

1

0

255
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DESCRI PTI ON = "The background energy or noi se count
I evels in channels 1, 2, 3, and 4 respectively by half-frane.
Pseudo | og value of NO SE(1, 2, 3, 4) at the end of a half-frane
of current frame, 5.3 bit format. Plog base 2 of background count

sum . ."
END_OBJECT = COLUWN
Contents of the MOLASCCT.FMT FILE:
OBJECT = COLUWN
NANE = RANGE_TO SURFACE_TI U _CNTS
DATA TYPE = MSB_| NTEGER
START_BYTE =1
BYTES =2
DESCRI PTI ON = "The possible 20 valid frane |aser shots

surface rangi ng measurements in Tinmng Interval Unit (TIU) counts.
The |l east significant 16 bits of TIU (SLTIU), stored for every
shot. B[O] = Bits 15-8 of TIU reading; B[1] = Bits 7-0 of ..."

END_OBJECT = COLUWN
OBJECT = COLUWN
NANVE = FI RST_CH _RCVD_PULSE_ENRGY
DATA _TYPE = UNSI GNED_I NTEGER
START_BYTE =3
BYTES =1
DESCRI PTI ON = "The level of return, reflected energy

as received by the first channel and matched filter to trigger.
This is a set of values for all possible 20 shots within the
frame. Lowest nunbered non-zero energy reading for each shot."

END_OBJECT = COLUWN
OBJECT = COLUWN
NANVE = SECOND_CH_RCVD_PULSE_ENRGY
DATA _TYPE = UNSI GNED_| NTEGER
START_BYTE =4
BYTES =1
DESCRI PTI ON = "The level of return, reflected energy

as received by the second channel and matched filter to trigger.
This is a set of values for all possible 20 shots within the
frame. 2nd | owest nunbered non-zero energy reading for each
shot..."

END_OBJECT = COLUWN
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A.9 DATA_PRODUCER

The DATA_PRODUCER object isarequired sub-object of the VOLUME object. The
DATA_PRODUCER, as opposed to the DATA_SUPPLIER, isan individud or organization
respongble for collecting, assembling, and/or engineering the raw datainto one or more data sets.

A.9.1 Required Keywords

INSTITUTION_NAME
FACILITY_NAME
FULL_NAME
ADDRESS TEXT

> owbdhpE

A.9.2 Optional Keywords

DISCIPLINE_NAME
NODE_NAME
TELEPHONE_NUMBER
ELECTRONIC_MAIL_TYPE
ELECTRONIC_MAIL_ID

b owbdpE

A.9.3 Required Objects

None

A.9.4  Optional Objects

None

A.95 Example

The fragment below was extracted from the example under the VOLUME object.

OBJECT
| NSTI TUTI ON_NANME
FACI LI TY_NAVE
FULL_NANME
DI SCI PLI NE_NAME
ADDRESS_TEXT

DATA_PRODUCER
"U S.G S. FLAGSTAFF"
"BRANCH OF ASTROGEOLOGY"
"ERIC M ELI ASON'
"I MAGE PROCESSI NG
"Branch of Astrogeol ogy
United States Ceol ogical Survey
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END_OBJECT

2255 North Gemini Drive
Fl agstaff, Arizona 86001 USA"
DATA PRODUCER

A-29
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A.10 DATA_SUPPLIER

The DATA_SUPPLIER object isan optiond sub-object of the VOLUME object. The
DATA_SUPPLIER, as opposed to the DATA_PRODUCER, isan individud or organization
responsble for distributing the data sets and associated data to the science community.

A.10.1 Required Keywords

INSTITUTION_NAME
FACILITY_NAME
FULL_NAME

ADDRESS TEXT
TELEPHONE_NUMBER
ELECTRONIC_MAIL_TYPE
ELECTRONIC_MAIL_ID

No oA~ WDER

A.10.2 Optional Keywords

1. DISCIPLINE_NAME
2. NODE_NAME

A.10.3 Required Objects

None

A.10.4 Optional Objects

None

A.10.5 Example

The fragment below was extracted from the larger example which can be found under the VOLUME
object.

OBJECT
| NSTI TUTI ON_NAME
FACI LI TY_NAVE
FULL_NAME
DI SCI PLI NE_NAME
ADDRESS_TEXT

DATA_SUPPLI ER

"NATI ONAL SPACE SCI ENCE DATA CENTER"
"NATI ONAL SPACE SCI ENCE DATA CENTER"
"NATI ONAL SPACE SCI ENCE DATA CENTER"
"NATI ONAL SPACE SCI ENCE DATA CENTER"
"Code 633

Goddard Space Flight Center
Greenbelt, Maryl and, 20771, USA"
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"3012866695"
" NSI / DECNET"

" NSSDCA: : REQUEST"
DATA_SUPPLI ER

TELEPHONE_NUMBER

ELECTRONI C_MAI L_TYPE

ELECTRONI C_MAI L_I D
END_OBJECT
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A.11 DIRECTORY

The DIRECTORY object is used to define ahierarchicd file organization on alinear (i.e., sequentid)
medium such as tape. The DIRECTORY object identifies al directories and subdirectories below the
root level. It isarequired sub-object of the VOLUME object for volumes ddivered on sequentid
media

Note: The root directory on avolume does not need to be explicitly defined with the DIRECTORY
object.

Subdirectories are identified by defining DIRECTORY objects as sub-objects of the root
DIRECTORY . Files within the directories and subdirectories are sequentialy identified by usng FILE
objects with a SEQUENCE _NUMBER vaue corresponding to their podition on the medium. The
SEQUENCE_NUMBER vaue must be unique for each file on the medium.

A.111 Required Keywords

1. NAME

A.11.2 Optional Keywords

1. RECORD_TYPE
2. SEQUENCE_NUMBER

A.11.3 Required Objects

1. HLE

A.11.4 Optional Objects

1. DIRECTORY
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A.11.5 Example

A-33

The fragment below was extracted from the larger example which can be found under the VOLUME

object.

OBJECT
NAME

OBJECT
FI LE_NAME
RECORD_TYPE
SEQUENCE_NUMBER

END_OBJECT

OBJECT
FI LE_NAME
RECORD_TYPE
SEQUENCE_NUMBER

END_OBJECT

OBJECT
FI LE_NAME
RECORD_TYPE
RECORD_BYTES
FI LE_RECORDS
SEQUENCE_NUMBER

END_OBJECT

END_OBJECT

DI RECTORY
I NDEX

FI LE

"1 NDXI NFO. TXT"
STREAM

5

FI LE

FI LE

"1 NDEX. LBL"
STREAM

6

FI LE

FI LE

"1 NDEX. TAB"
FI XED_LENGTH
512

6822

7

FI LE

DI RECTORY
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A.12 DOCUMENT

Note: This section is currently undergoing major revision. Please consult a PDS
data engineer for the latest available information on document labelling.

The DOCUMENT object is used to labd a particular document thet is provided on avolumeto
support an archived data product. A document can be made up of one or morefilesin asingle format.
For instance, a document may be comprised of as many TIFF files as there are pagesin the document.

Multiple versons of adocument can be supplied on a volume with separate formats, requiring a
DOCUMENT object for each document version (i.e.,, OBJECT = TEX_DOCUMENT and OBJECT
=PS _ DOCUMENT whenincluding both the TEX and Postscript versions of the same document).

PDS requiresthat at least one version of any document be plain ASCII text in order to dlow usersthe
capability to read, browse, or search the text without requiring software or text processing packages.
Thisverson can be plain, unmarked text, or ASCII text containing a markup language. (Seethe
Documentation chapter of this document for more details.)

The DOCUMENT object contains keywords that identify and describe the document, provide the date
of publication of the document, indicate the number of files comprising the document, provide the format
of the document files, and identify the software used to compress or encode the document, as
gpplicable.

DOCUMENT labels must be detached files unless the files are plain, unmarked text that will not be
read by text or word processing packages. A DOCUMENT object for each format type of a document
can be included in the same labd file with pointers, such as"TIFF_ DOCUMENT for a TIFF formatted
document. (See example below.)

A.12.1 Required Keywords

DOCUMENT_NAME
DOCUMENT_TOPIC_TYPE
INTERCHANGE_FORMAT
DOCUMENT_FORMAT
PUBLICATION_DATE

bk owbdpE

A.12.2 Optional Keywords

1. ABSTRACT_TEXT
2. DESCRIPTION
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3. ENCODING_TYPE
4. FLES

A.12.3 Required Objects

None

A.12.4 Optional Objects

None

A.125 Example
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The following example detached labdl, PDSUG.LBL, isfor a Document provided in three formats:
ASCII text, TIFF, and TEX.

PDS_VERSI ON_I D
RECORD_TYPE

NMASCI | _ DOCUMENT
ATl FF_DOCUMENT

ATEX_DOCUMENT

OBJECT
DOCUMENT _NANVE

PUBL| CATI ON_DATE
DOCUMENT _TOPI C_TYPE
| NTERCHANGE _FORNMAT
DOCUMENT _FORNMAT

DESCRI PTI ON

Cat al og User's Cuide describes the fundanentals of accessing,
and ordering data fromthe PDS Data Set Catal og
The text for this 4-page docunent

sear chi ng, browsing,

at the Central Node.

here in this plain,
ABSTRACT_TEXT

ASCl |

function and purpose to a card catalog in a library.

screen to find data itens,
END OBJECT

OBJECT

PDS3
UNDEFI NED

" PDSUG. ASC*

{" PDSUGDO1. TI F*,
" PDSURD03. TI F*,

" PDSUG. TEX"

" PDSUGD02. TI F*,
" PDSUGD04. TI F"

ASCl | _ DOCUMENT

"Planetary Data System Data Set
User's Cuide"

1992-04- 13

"USER S CGUI DE"

ASCl |

TEXT

"The Pl anetary Data System Data

text file."

"The PDS Data Set

Catalog is simlar
Use a Search

}

Cat al og

Set

is provided

in

a List/Order screen to order data itens,
and the More menu option to see nore information.”

ASCI | _DOCUMENT

Tl FF_DOCUMENT
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DOCUMENT _NAME = "Planetary Data System Data Set Catal og
User's Cuide"

DOCUMENT_TOPI C_TYPE = "USER' S GUI DE"

| NTERCHANGE_FORNMAT = BI NARY

DOCUMENT _ FORMAT = TIFF

PUBLI CATI ON_DATE = 1992-04- 13

FI LES =4

ENCODI NG_TYPE = "CClITT/ 3"

DESCRI PTI ON = "The Planetary Data System Data Set

Catal og User's Guide descri bes the fundanental s of accessing,
searching, browsing, and ordering data fromthe PDS Data Set Catal og
at the Central Node.

The 4-page docunment is provided here in 4 consecutive files, one
file per page, in Tagged Inmage File Format (TIFF) using Goup 3

conpression. It has been successfully inported into WordPerfect
5.0, FranmeMaker, and Photoshop."
ABSTRACT _TEXT = "The PDS Data Set Catalog is simlar in

function and purpose to a card catalog in a library. Use a Search
screen to find data items, a List/Order screen to order data itens,
and the More nenu option to see nore information."

END_OBJECT = TI FF_DOCUMENT
OBJECT = TEX_DOCUMENT
DOCUMENT _NAME = "Planetary Data System Data Set Catal og
User's Cuide"
DOCUMENT_TOPI C_TYPE = "USER' S GUI DE"
| NTERCHANGE_FORNMAT = ASCI |
DOCUMENT _ FORMAT = TEX
PUBLI CATI ON_DATE = 1992-04- 13
DESCRI PTI ON = "The Planetary Data System Data Set

Catal og User's Guide descri bes the fundanental s of accessing,
searching, browsing, and ordering data fromthe PDS Data Set Catal og
at the Central Node.

The 4-page docunent is provided here in TeX format with all
necessary macros included."

ABSTRACT _TEXT = "The PDS Data Set Catalog is simlar in
function and purpose to a card catalog in a library. Use a Search
screen to find data items, a List/Order screen to order data itens,
and the More nenu option to see nore information."

END_OBJECT = TEX_DOCUMENT
END
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A.13 ELEMENT (Primitive Data Object)

The ELEMENT object provides a means of defining alowest-level component of a data object, and
which can be stored in an integrd multiple of 8-bit bytes. ELEMENT objects may be embedded in
COLLECTION and ARRAY dataobjects. The optiond START_BY TE dement identifiesalocation
relative to the enclosing object. If not explicitly included, aSTART_BYTE = 1 is assumed for the
ELEMENT.

A.13.1 Required Keywords

1. BYTES
2. DATA_TYPE
3. NAME

A.13.2 Optional Keywords

START BYTE

BIT_ MASK
DERIVED_MAXIMUM
DERIVED _MINIMUM
DESCRIPTION
FORMAT
INVALID_CONSTANT
MINIMUM

. MAXIMUM

10. MISSING_CONSTANT
11. OFFSET

12. SCALING_FACTOR
13. UNIT

14. VALID_MINIMUM

15. VALID_MAXIMUM

OCooNogagk~wNPRE

A.13.3 Required Objects

None

A.13.4 Optional Objects

None
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A.13.5 Example

Please refer to the examplein the ARRAY Primitive object (Section A.2) for an example of the use of
the ELEMENT object.
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A.14 FIELD

The FIELD object identifiesasingle varidble-width fidd in a SPREADSHEET object.
Notes:

1. Theonly PDS data object that includes FIELD objectsisthe SPREADSHEET. FIELDs must
not themselves contain embedded FIELD objects.

2. The DATA_TYPE keyword is required to specify the datatype of the vauesthat are stored in
the field when data are present.

3. A vector with two or more identicaly formatted components may be specified asasngle
FIELD by using the ITEM and ITEM_BY TES dements. The ITEMS data dement indicates
the number of occurrences within thefidd (i.e., components in the vector).

4. If aFIELD contains multiple items, then the ITEM_BY TES keyword is used to specify the
maximum number of bytes any item in the s&t may have. ITEM_BY TES does not include the
quotation marks that enclose string items.

5. TheBYTESkeyword is used to specify the maximum sze of the FIELD object, not
including leading or trailing ddimiters or line terminators. When afied contains items, the
BYTESvdueis st to the product of the ITEM_BYTES and ITEMS vaues plus the number of
interior delimiter bytes (e.g., for three ASCI1_INTEGER items of three bytes each ITEMS =3,
ITEM_BYTES=3, and BY TES= 11, which includes the two ddimiters WITHIN the field but
not the trailing delimiter).

6. The (optiond) FORMAT eement may be used to specify the format of FIELD data when they
are present. The FORMAT specification gpplies to the maximum sze of the field object,
alowing shorter variations. For example, FORMAT ="F5.1"is congstent with each of the
fallowing:

.,127.1, ...

. m12.7,
3l
..,3.01, ... and

7. Incluson of datadementsVALID_MINIMUM and VALID_MAXIMUM within FIELD
object definitions is encouraged.

8. If datadement MISSING_CONSTANT is used, its meaning must be clearly stated since
absence of afield vaueisthe default indication of 'no datal.
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A.14.1 Required Keywords

1. BYTES
2. DATA_TYPE
3. NAME

A.14.2 Optional Keywords

DESCRIPTION
FIELD_NUMBER
FORMAT
ITEM_BYTES
ITEMS

UNIT
VALID_MAXIMUM
VALID_MINIMUM
PSDD

©CoNoO~wWDNRE

A.14.3 Required Objects

None

A.14.4 Optional Objects

1. ALIAS

A.145 Examplel

Appendix A. PDS Data Object Definitions

The labd fragment below shows asmple FIELD object from a SPREADSHEET object (seethe

SPREADSHEET section of this document).

OBJECT = FIELD
NAME =
FI ELD_NUMBER =3
BYTES =5
DATA_TYPE =
FORMAT = "F5.1"
UNI T = "KELVI N
END_OBJECT = FIELD

"DETECTOR TEMPERATURE"

"ASCI | _REAL"
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A.14.6 Example?2

The fragment below shows two FIEL Ds containing multipleitems. Thefirst FIELD isavector
containing three ASCII_INTEGER items. xX, yy, zz. The second FIELD contains three character

items "xX', "yy" and "zz". Note thet the value of BY TES includes the comma delimiters between items,

but the ITEM_BY TES vaue does not.

OBJECT
NAVE
DATA_TYPE
FI ELD_NUMBER
BYTES
| TEMS
| TEM BYTES
FORMAT
M SSI NG_CONSTANT
DESCRI PTI ON

END_OBJECT

OBJECT

NANE

DATA_TYPE

FI ELD_NUVBER
*

BYTES

| TEMS

| TEM BYTES

FORMAT
END_OBJECT

FI ELD
"FIELD 1 - I X 1Y, 12"
"ASCl | _| NTEGER"

1

8 /*includes item separating delinmters*/

3 /* i.e. 17,15,27 or 1,2,3 */

2 /* individual item maxi num size in bytes */
wyon

-1

"Raw val ues of FIELD 1. IX, 1Y, and |Z represent
i ndependent, non-negative neasurenments. A value
of -1 denotes a measurenent that could not be

processed. "
FI ELD
FI ELD
"FIELD 2 - AX, AY, AZ"
" CHARACTER"
2 /* One FIELD object precedes this object
12 /* Doesn't include first/last quotes */
3 [* i.e. "xx","yy","zz" */
2
v
FI ELD

A-41
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A.15 FILE

The FILE object isused in attached or detached labels to define the attributes or characteristics of a
datafile. In attached labels, thefile object is also used to indicate boundaries between label records
and data records in data files which have attached labels. The FILE object may be used in three ways.

1. Asanimplicit object in attached or detached labels. All detached labd files and attached labels
contain an implicit FILE object which garts at the top of the label and ends where the label
ends. In these cases, the PDS recommends againgt using the NAME keyword to reference the
file name. Thislabd fragment shows the required FILE object dements asthey typicaly appear

inlabds
RECORD_TYPE = FI XED_LENGTH
RECORD_BYTES = 80
FI LE_RECORDS = 522
LABEL_RECORDS = 10

For data products labdled usng theimplicit file object (e.g., in minimd labels)
“DATA_OBJECT_TYPE = FILE” should be used in the DATA_SET catalog object.

2. Asan explicit object which is used when afile reference is needed in a combined detached or
minimd labd. In this case, the optional FILE_NAME dement is usad to identify the file being

referenced.
OBJECT = FILE
FI LE_NAMVE = "| MLO347. DAT"
RECORD_TYPE = STREAM
FI LE_RECORDS = 1024
END_OBJECT = FILE

For data products labdlled using the explicit FILE object (e.g., in minima labels)
DATA_OBJECT_TYPE = FILE should be used in the DATA_SET catalog object.

3. Asan explicit object to identify specific files as sub-objects of the DIRECTORY in VOLUME
objects. In this case, the optiond FILE_NAME dement is used to identify the file being
referenced on atape archive volume,

OBJECT = FILE
FI LE_NAME = "VOLDESC. CAT"
RECORD_TYPE = STREAM
SEQUENCE_NUMBER = 1

END_OBJECT = FILE
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The keywords in the FILE object dways describe the file being referenced, and not the file in which the
keywords are contained (i.e., if the FILE object is used in adetached labd file, the FILE object
keywords describe the detached data file, not the labdl file which contains the keywords). For example,
if adetached labd for adatafileisbeing created and the label will bein STREAM format, but the data
will be gored in afile having FIXED_LENGTH records, then the RECORD_TY PE keyword in the
labd file must be given the vdue FIXED_LENGTH.

The following table identifies data d ements that are required (Req), optiona (Opt), and not applicable
(-) for various types of files

Labeling Method Att Det Att Det Att  Det Att  Det
RECORD_TYPE FIXED_LENGTH VARIABLE_LENGTH STREAM UNDEFINED
RECORD_BYTES Req Req Rmax Rmax Omax

FILE_RECORDS Req Req Req Req Opt  Opt

LABEL_RECORDS Req - Req - Opt

A.15.1 Required Keywords

1. RECORD_TYPE

(See above table for the conditions of use of additiond required keywords)

A.15.2 Optional Keywords

DESCRIPTION

ENCODING_TYPE

FILE_NAME (required only in minimal detached labels and tape archives)
FILE_RECORDS (required only in minima detached labels and tape archives)
INTERCHANGE_FORMAT

LABEL_RECORDS

RECORD_BYTES

REQUIRED_STORAGE BYTES

. SEQUENCE_NUMBER

10. UNCOMPRESSED_FILE_ NAME

©CoOoNog~wWNRE

A.15.3 Required Objects

None
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A.15.4 Optional Objects

None

A.155 Example

Following is an example of a set of explicit FILE objects in a combined detached labd. An additiond
example of the use of explicit FILE object can be found under the VOLUME object (Section A.29).

PDS_VERSI ON_I D
HARDWARE_MODEL_| D
OPERATI NG_SYSTEM | D
SPACECRAFT_NAME

| NSTRUVENT _NAVE

M SSI ON_PHASE_NANE

PDS3

"SUN SPARC STATI ON'
"SUN CS 4.1.1"
"VOYAGER 2"

"PLASMA WAVE RECEI VER'
"URANUS ENCOUNTER"

TARGET_NAME URANUS
DATA _SET_ID "VG&2- U- PW6- 4- RDR- SA- 48. OSEC- V1. 0"
PRODUCT_I D "T860123- T860125"
OBJECT = FILE
FI LE_NAME = "T860123. DAT"
FI LE_RECORDS = 1800
RECORD_TYPE = FI XED_LENGTH
RECORD_BYTES = 105
START_TI ME = 1986-01-23T00: 00: 00. 000
STOP_TI ME = 1986-01-24T00: 00: 00. 000

ATI ME_SERI ES "T860123. DAT"

OBJECT = TI ME_SERI ES
| NTERCHANGE_FORNMAT = BI NARY
ROV = 1800
ROW BYTES = 105
COLUMNS = 19
ASTRUCTURE = "PWS_DATA. FMI"
SAMPLI NG_PARAMETER NAME = TIME
SAMPLI NG_PARAMETER UNI T = SECOND
SAMPLI NG_PARAMETER | NTERVAL = 48.0
END_OBJECT = TI ME_SERI ES
END_OBJECT = FILE
OBJECT = FILE
FI LE_NAME = "T860124. DAT"
FI LE_RECORDS = 1800
RECORD_TYPE = FI XED_LENGTH
RECORD_BYTES = 105

START_TI ME 1986-01-24T00: 00: 00. 000
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STOP_TI ME
ATI ME_SERI ES

OBJECT
| NTERCHANGE _FORNMAT
ROAS
ROW BYTES
COLUWNS
ASTRUCTURE
SAMPLI NG_PARAVETER_NANME
SAMPLI NG_PARAMETER_UNI T
SAMPLI NG_PARAMETER | NTERVAL
END_OBJECT
END_OBJECT

OBJECT
FI LE_NAME
FI LE_RECORDS
RECORD_TYPE
RECORD_BYTES
START_TI ME
STOP_TI ME
ATI ME_SERI ES

OBJECT
| NTERCHANGE _FORNMAT
ROAS
ROW BYTES
COLUWNS
ASTRUCTURE
SAMPLI NG_PARAVETER_NANE
SAMPLI NG_PARAMETER_UNI T
SAMPLI NG_PARAMETER | NTERVAL
END_OBJECT
END_OBJECT
END

1986-01-25T00: 00: 00. 000
"T860124. DAT"

TI ME_SERI ES
Bl NARY

1800

105

19

" PWS_DATA. FMI™
TI VE
SECOND

48.0

TI ME_SERI ES
FILE

FI LE

"T860125. DAT"

1799

FI XED_LENGTH

105

1986-01-30T00: 00: 00. 000
1986-01-30T23: 59: 12. 000
"T860125. DAT"

TI ME_SERI ES
Bl NARY

1799

105

19

" PWS_DATA. FMI™
TI VE
SECOND

48.0

TI ME_SERI ES
FILE

A-45
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A.16 GAZETTEER_TABLE

The GAZETTEER TABLE object is a specific type of TABLE object that provides information about
the geographical festures of aplanet or satellite. It containsinformation about named features such as
location, Sze, origin of feature name, and so on. The GAZETTEER _TABLE contains one row for each
named feature on the target body. The table is formatted so that it may be read directly by many data
management systems on various host computers. All fields (columns) are separated by commeas, and
character fields are enclosed by double quotation marks. Each record consist of 480 bytes, with a
carriage return/line feed sequence in bytes 479 and 480. This dlows the table to be treated as a fixed
length record file on hosts that support thisfile type and as anormd text file on other hosts.

Currently the PDS Imaging Node at the USGS is the data producer for dl GAZETTEER TABLEs.

A.16.1 Required Keywords

NAME
INTERCHANGE_FORMAT
ROWS

COLUMNS

ROW_BYTES
DESCRIPTION

oSk wnNE

A.16.2 Optional Keywords

Any

A.16.3 Required Objects

1. COLUMN

A.16.3.1 Required COLUMN Objects (NAME =)

TARGET_NAME
SEARCH_FEATURE_NAME
DIACRITIC_FEATURE_NAME
MINIMUM_LATITUDE
MAXIMUM_LATITUDE
CENTER_LATITUDE
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A.16.3.2

MINIMUM_LONGITUDE
MAXIMUM_LONGITUDE
CENTER_LONGITUDE
LABEL_POSITION_ID
FEATURE _LENGTH
PRIMARY _PARENTAGE_ID
SECONDARY_PARENTAGE ID
MAP_SERIAL_ID
FEATURE_STATUS TYPE
APPROVAL_DATE
FEATURE_TYPE
REFERENCE_NUMBER
MAP_CHART ID
FEATURE_DESCRIPTION

Required Keywords (for Required COLUMN Objects)

NAME
DATA_TYPE
START_BYTE
BYTES
FORMAT
UNIT
DESCRIPTION

A.16.4 Optional Objects

None

A.16.5 Example

PDS_VERSI ON_I D
RECORD_TYPE
RECORD_BYTES

FI LE_RECORDS
PRODUCT | D
TARGET _NAME
NGAZETTEER TABLE

OBJECT
NAME
| NTERCHANGE_FORMAT
ROWS

PDS3

FI XED_LENGTH
480

1181

XYZ

MARS
"GAZETTER. TAB"

GAZETTEER_TABLE

ASCl |
1181

"PLANETARY NOVENCLATURE GAZETTEER"

A-47
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COLUWNS
ROW BYTES
DESCRI PTI ON

tabl e of geographical
contains information about a named feature such as |ocation
origin of feature nane,
for each feature nanmed on the target body.
it my be read directly into many data managenent systens on

so that

Appendix A. PDS Data Object Definitions

= 20

= 480

= "The gazetteer (file: GAZETTER TAB) is a
features for a planet or satellite. It

etc.

vari ous host computers. Al

commmas,

si ze,
The Gazetteer Table contains one row
The table is fornmatted

fields (columms) are separated by
and character fields are preceded by doubl e quotation marks.
Each record consist of 480 bytes,

with a carriage return/line feed

sequence in bytes 479 and 480. This allows the table to be treated
as a fixed length record file on hosts that support this file type

and as a nor nal

OBJECT
NAME
DATA_TYPE
START_BYTE
BYTES
FORMAT
UNI T

DESCRI PTI ON

END_OBJECT

OBJECT

NAME
DATA_TYPE
START_BYTE
BYTES
FORMAT
UNI T

DESCRI PTI ON

di acritical

only so that

text file on

mar ks stripped o

it can be used for sorting and search purposes.

ot her hosts."
COLUWN

TARGET_NAME
CHARACTER

2

20

" A2Q"

"N A

"The planet or satellite on which the
feature is located."
COLUWN

COLUWN
SEARCH_FEATURE_NANE
CHARACTER

25

50

" A50"

n I\V All

"The geographical feature nane with al

ff. This nane is stored in upper case

Thi s

field should not be used to designate the nane of the feature

because it does not contain the diacritica
contai ning diacritical

mar ks

mar ks. Feature names not
can often take on a conpletely

different neaning and in some cases the nmeani ng can be deeply

of fensi ve. "
END OBJECT

OBJECT

NAME
DATA_TYPE
START_BYTE
BYTES
FORMAT
UNI T

DESCRI PTI ON
cont ai ni ng standard diacritical

COLUWN

COLUWN
DI ACRI TI C_FEATURE_NAME
CHARACTER

78

100

" A100"

"N A

"The geographica
i nformati on.

feature nane
A detail ed description
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of the diacritical mark formats are described in the gazetteer
docunent ati on.

DI ACRI TI CALS USED I N THE TABLE

The word diacritic comes froma Geek word neaning to separate.
It refers to the accent marks enpl oyed to separate, or distinguish
one form of pronunciation of a vowel or consonant from another.

This note is included to famliarize the user with the codes used
to represent diacriticals found in the table, and the values usually
associated with them In the table, the code for a diacritical is
preceded by a backslash and is followed, wi thout a space, by the
letter it is nodifying.

This note is organized as follows: the code is listed first,
foll owed by the nanme of the accent mark, if applicable, a brief
description of the appearance of the diacritical and a short
narrative on its usage.

acute accent; a straight diagonal line extending fromupper right to
|l ower left. The acute accent is used in nost | anguages to |engthen a
vowel ; in sone, such as Oscan, to denote an open vowel. The acute

is also often used to indicate the stressed syllable; in sone
transcriptions it indicates a palatalized consonant.

di aeresis or umaut; two dots surnounting the letter. In Romance
| anguages and English, the diaeresis is used to indicate that
consecutive vowels do not forma di pthong (see below); in nodern
German and Scandi navi an | anguages, it denotes pal atalization of
vowel s.

circunflex; a chevron or inverted 'v' shape, with the apex at the
top. Used npbst often in nodern | anguages to indicate |engthening of
a vowel .

tilde; a curving or waving |ine above the letter. The tilde is a
formof circunflex. The tilde is used nobst often in Spanish to form
a palatalized n as in the word 'ano', pronounced 'anyo'. It is

al so used occasionally to indicate nasalized vowels.

macron; a straight line above the letter. The nmacron is used al npost
universally to | engthen a vowel.

breve; a concave senmicircle or 'u shape surmounting the letter.
Oiginally used in Geek, the breve indicates a short vowel.

a small circle or 'o' above the letter. Frequently used in
Scandi navi an | anguages to indicate a broad

o .

e dipthong or ligature; transcribed as two letters in contact with
each other. The dipthong is a conbination of vowels that are
pronounced toget her.



Appendix A. PDS Data Object Definitions

cedilla; a curved |line surnobunted by a vertical line, placed at the
bottomof the letter. The cedilla is used in Spanish and French to
denote a dental, or soft, 'c'. In the new Turkish transcription,
'c¢' cedilla has the value of English '"ch'. In Semtic |anguages,
the cedilla under a consonant indicates that it is enphatic.

check or inverted circunflex; a 'v' shape above the letter. This
accent is used widely in Slavic | anguages to indicate a pal atal
articulation, |ike the consonant sounds in the English words chapter
and shoe and the 'zh' sound in pleasure.

a single dot above the letter. This diacritical denotes various
things; in Lithuanian, it indicates a close |ong vowel. In Sanskrit,
when used with 'n', it is a velar sound, as in the English 'sink';
in Irish orthography, it indicates a fricative consonant (see

bel ow) .

accent grave; a diagonal line (above the letter) extending from
upper left to lower right. The grave accent is used in French,
Spani sh and Italian to denote open vowel s.

fricative; a horizontal line through a consonant. A fricative
consonant is characterized by a frictional rustling of the breath as
it is emtted."

END_OBJECT = COLUWN
OBJECT = COLUWN
NAME = M NI MUM_LATI TUDE
DATA_TYPE = REAL
START_BYTE = 180
BYTES =7
FORMAT = "F7.2"
UNI' T = DEGREE
DESCRI PTI ON = "The mininmum.|l atitude el ement specifies

the southernnost l|atitude of a spatial area, such as a map, npsaic,
bin, feature, or region."

END_OBJECT = COLUWN
OBJECT = COLUWN
NAME = MAXI MUM_LATI TUDE
DATA_TYPE = REAL
START_BYTE = 188
BYTES =7
FORMAT = "F7.2"
UNI' T = DEGREE
DESCRI PTI ON = "The maxi mum | atitude el enment specifies

the northernnost l|atitude of a spatial area, such as a map, npsaic,
bin, feature, or region."

END_OBJECT = COLUWN
OBJECT = COLUWN
NANE = CENTER_LATI TUDE

DATA_TYPE = REAL
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START_BYTE

BYTES

FORMAT

UNI T

DESCRI PTI ON
END_OBJECT

OBJECT
NAME
DATA_TYPE
START_BYTE
BYTES
FORMAT
UNI T
DESCRI PTI ON

speci fies the easternnost |a
map, hosaic, bin, feature, o

END_OBJECT

OBJECT
NAME
DATA_TYPE
START_BYTE
BYTES
FORMAT
UNI T
DESCRI PTI ON

bin, feature, or region.

END_OBJECT

OBJECT
NANE
DATA_TYPE
START_BYTE
BYTES
FORMAT
UNI T
DESCRI PTI ON
END_OBJECT

OBJECT
NAME
DATA_TYPE
START_BYTE
BYTES
FORMAT
UNI T
DESCRI PTI ON

feature nane (UL=Upper

A-51

196

7

"F7.2"

DEGREE

"The center latitude of the feature."
COLUWN

COLUWN

M NI MUM_LONG TUDE

REAL

204

7

"F7.2"

DEGREE

"The m ni mrum_| ongi tude el enent
titude of a spatial area, such as a
r region. "

COLUWN

COLUWN

MAXI MUM_LONG TUDE
REAL

212

7

"F7.2"

DEGREE

= "The maxi mrum_| ongi tude el enent specifies
the westernnost |ongitude of

| eft,

CL=Center left, CR=Center ri
LR=Lower right). This field is used to instruct the plotter where to

pl ace the typographi cal

| abe

a spatial area, such as a map, npsaic,
COLUWN

COLUWN

CENTER_LONG TUDE

REAL

220

7

"F7.2"

DEGREE

"The center |ongitude of the feature."
COLUWN

COLUWN

LABEL_POSI TION_I D

CHARACTER

229

2

"N A

"The suggested plotting position of the
UC=Upper center, UR=Upper right,

ght, LL=Lower left, LC=Lower center,

| with respect to the center of the
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feature. This code is used to avoid crowding of nanmes in areas
where there is a high density of naned features."

END_OBJECT = COLUWN
OBJECT = COLUWN
NAME = FEATURE_LENGTH
DATA_TYPE = REAL
START_BYTE = 233
BYTES =8
FORMAT = "F8.2"
UNI' T = KI LOVETER
DESCRI PTI ON = "The | onger or |ongest dinension of an

object. For the Gazetteer usage, this field refers to the length of
the naned feature."

END_OBJECT = COLUWN
OBJECT = COLUWN
NAME = PRI MARY_PARENTACGE_I D
DATA_TYPE = CHARACTER
START_BYTE = 243
BYTES =2
FORMAT = "A2"
UNI' T = "NA"
DESCRI PTI ON = "This field contains the primary origin
of the feature nane (i.e. where the nanme origi nated). It contains

a code for the continent or country origin of the nanme. Please see
Appendi x 5 of the gazetteer docunentation (GAZETTER TXT) for a
definition of the codes used to define the continent or country."

END_OBJECT = COLUWN
OBJECT = COLUWN
NAME = SECONDARY_PARENTAGE | D
DATA_TYPE = CHARACTER
START_BYTE = 248
BYTES =2
FORMAT = "A2"
UNI' T = "NA"
DESCRI PTI ON = "This field contains the secondary

origin of the feature nane. It contains a code for a country, state,
territory, or ethnic group. Please see Appendix 5 of the gazetteer
docunent ati on (GAZETTER TXT) for a defintion of the codes in this

field."
END_OBJECT = COLUWN
OBJECT = COLUWN
NAME = MAP_SERIAL_ID
DATA_TYPE = CHARACTER
START_BYTE = 253
BYTES =6
FORMAT = "A6"
UNI' T = "NA"
DESCRI PTI ON = "The identification of the map that

contains the naned feature. This field represents the map seri al
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nunber of the map publication used for ordering maps fromthe U S
Geol ogi cal Survey. The map identified in this field best portrays
the naned feature."

END_OBJECT = COLUWN
OBJECT = COLUWN
NAME = FEATURE_STATUS_TYPE
DATA_TYPE = CHARACTER
START_BYTE = 262
BYTES = 12
FORMAT = "Al2"
UNI' T = "NA"
DESCRI PTI ON = "The | AU approval status of the nanmed
feature. Pernitted values are ' PROPCSED , ' PROVI SI ONAL', ' I AU-

APPROVED , and ' DROPPED . Dropped nanmes have been disall owed by the
| AU. However, these features have been included in the gazetteer for
hi storical purposes. Sone naned features that are disallowed by the
| AU may commonly be used on sone naps."

END_OBJECT = COLUWN
OBJECT = COLUWN
NAME = APPROVAL_DATE
DATA_TYPE = | NTEGER
START_BYTE = 276
BYTES =4
FORMAT = "14"
UNI' T = "NA"
DESCRI PTI ON = "Date at which an object has been

approved by the officially sanctioned organization. This field
contains the year the | AU approved the feature nane."

END_OBJECT = COLUWN
OBJECT = COLUWN
NAME = FEATURE_TYPE
DATA_TYPE = CHARACTER
START_BYTE = 282
BYTES = 20
FORMAT = "A20"
UNI' T = "NA"
DESCRI PTI ON = "The feature type identifies the type of

a particular feature, accor d| ng to | AU standards. Exanples are
'"CRATER , 'TESSERA', 'TERRA', etc. See Appendix 7 of the gazetteer
docunent ati on ( GAZETTER. TXT).

DESCRI PTOR TERMS ( FEATURE TYPES)

FEATURE DESCRI PTI ON

ALBEDO FEATURE Al bedo feature

CATENA Chain of craters

CAVUS Hol | ows, irregul ar depressions
CHACS Distinctive area of broken terrain
CHASMA Canyon

COLLES Smal |l hill or knob

CORONA Ovoi d-shaped feature
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CRATER Crater
DORSUM Ri dge
ERUPTI VE CENTER Eruptive center
FACULA Bri ght spot
FLEXUS Cuspate linear feature
FLUCTUS Flow terrain
FOSSA Long, narrow, shallow depression
LABES Landsl i de
LABYRI NTHUS I ntersecting valley conplex
LACUS Lake
LARGE RI NGED FEATURE Large ringed feature
LI NEA El ongat e marki ng
MACULA Dar k spot
MARE Sea
MENSA Mesa, flat-topped el evation
MONS Mount ai n
OCEANUS Ccean
PALUS Swanp
PATERA Shal |l ow crater; scalloped, conplex edge
PLANI TI A Low pl ain
PLANUM Pl at eau or high plain
PROVONTORI UM Cape
REG O Regi on
Rl VA Fi ssure
RUPES Scar p
SCOPULUS Lobate or irregular scarp
SI NUS Bay
SULCUS Subparal l el furrows and ridges
TERRA Ext ensi ve | and mass
TESSERA Tile; polygonal ground
THOLUS Smal | domical mountain or hill
UNDAE Dunes
VALLI S Si nuous val l ey
VASTI TAS W despread | ow ands
VARI ABLE FEATURE Variable feature "
END_OBJECT = COLUWN
OBJECT = COLUWN
NAVE = REFERENCE_NUMBER
DATA _TYPE = | NTEGER
START_BYTE = 304
BYTES = 4
FORNMAT ="l4"
UNIT = "NA"
DESCRI PTI ON = "Literature reference from which the

spelling and description of the feature nanme was derived. See
Appendi x 6 of the gazetteer docunentation (GAZETTER TXT)."

END_OBJECT = COLUWN
OBJECT = COLUWN
NANE = MAP_CHART I D
DATA_TYPE = CHARACTER
START_BYTE = 310

BYTES 6
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FORMAT
UNI T
DESCRI PTI ON

A-55

" A6u
" I\V Au

= "This field contains the abbreviation of

the map designator or chart

etc.)."
END_OBJECT

OBJECT
NANE
DATA_TYPE
START_BYTE
BYTES
FORMAT
UNI T
DESCRI PTI ON
END_OBJECT
END_OBJECT
END

identification (exanple MC-19, MC-18,

COLUWN

COLUWN

FEATURE_DESCRI PTI ON

CHARACTER

319

159

"A159"

"N A

"Short description of the feature nanme."

= COLUWN

GAZETTEER_TABLE
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A.17 HEADER

The HEADER object is used to identify and define the attributes of commonly used header data
structures such as VICAR or FITS. These structures are usudly system or software specific and are
described in detall in areferenced description text file. The use of BY TES within the header object
refers to the number of bytesfor the entire header, not a single record.

A.17.1 Required Keywords

1. BYTES
2. HEADER_TYPE

A.17.2 Optional Keywords
1. DESCRIPTION

2. INTERCHANGE_FORMAT
3. RECORDS

A.17.3 Required Objects

None

A.17.4 Optional Objects

None

A.17.5 Example

The following example shows the detached labd file “TIMTCO2A.LBL”. Thelabd describes the data
product file“TIMTCO2A.IMG” which contains a HEADER object followed by an IMAGE object.

PDS_VERSI ON_I D = PDS3

/* PDS | abel for a TIMS i mage */

RECORD_TYPE = FI XED_LENGTH
RECORD_BYTES = 638
FI LE_RECORDS = 39277

/* Pointers to objects */
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A| MAGE_HEADER = ("TI MTCO2A. | MG', 1)
Al MAGE = ("TI MTCO2A. | MG', 2)

/* I mage description */

DATA_SET_I D = "C130- E- Tl M5- 2- EDR- | MAGE- V1. 0"
PRODUCT_I D = "TI MTCO2A"

I NSTRUVENT_HOST_NAME = "NASA C- 130 Al RCRAFT"

| NSTRUVENT_NAME = "THERMAL | NFRARED MULTI SPECTRAL SCANNER"
TARGET_NAME = EARTH

FEATURE_NAME = "TRAI L CANYON FAN'

START_TI ME = 1989-09-29T21: 47: 35

STOP_TI ME = 1989-09-29T21: 47: 35
CENTER_LATI TUDE = 36. 38

CENTER_LONG TUDE = 116. 96

I NCI DENCE_ANGLE = 0.0

EM SSI ON_ANGLE = 0.0

/* Description of objects */

OBJECT = | MAGE_HEADER

BYTES = 638

RECORDS =1

HEADER TYPE = VI CAR2

| NTERCHANGE _FORNMAT = BI NARY

ADESCRI PTI ON = "V| CAR2. TXT"
END_OBJECT = | MAGE_HEADER
OBJECT = | MAGE

LI NES = 6546

LI NE_SAMPLES = 638

SAMPLE_TYPE = UNSI GNED_I NTEGER

SAMPLE_BI TS =8

SAMPLE_BI T_MASK = 2#11111111#

BANDS =6

BAND_STORAGE_TYPE = LI NE_I NTERLEAVED
END_OBJECT = | MAGE

END
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A.18 HISTOGRAM

The HISTOGRAM object is a sequence of numeric vaues that provides the number of occurrences of
adatavaue or arange of data vauesin adata object. The number of itemsin a histogram will normally
be equa to the number of distinct values dlowed in afidd of the data object. For example, an 8-bit
integer field can have a maximum of 256 vaues, and would result in a 256 item histogram.
HISTOGRAMSs may be used to bin data, in which case an offset and scding factor indicate the dynamic
range of the data represented.

The following equation alows the cdculation of the range of each bin in the hisogram:

bin_lower_boundary = bin_element * SCALING_FACTOR + OFFSET

A.18.1 Required Keywords

1. ITEMS
2. DATA_TYPE
3. ITEM_BYTES

A.18.2 Optional Keywords

BYTES
INTERCHANGE_FORMAT
OFFSET
SCALING_FACTOR

A wbdpE

A.18.3 Required Objects

None

A.18.4 Optional Objects

None
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A.18.5 Example

PDS_VERSI ON_I D = PDS3

| * FI LE FORMAT AND LENGTH */

RECORD_TYPE = FI XED_LENGTH
RECORD_BYTES = 956

FI LE_RECORDS = 965

LABEL_RECORDS =3

| * POl NTERS TO START RECORDS OF OBJECTS IN FILE */
Al MAGE_HI STOGRAM =4

A MAGE =6

| * | MAGE DESCRI PTI ON */

DATA SET_ID = "VOL/ VO2- M VI S- 5- DI M V1. 0"
PRODUCT | D = " MGL5N022- GRN- 666A"
SPACECRAFT_NAME = VI KI NG_ORBI TER 1
TARGET _NAME = MARS

START_TI ME = 1978- 01- 14T02: 00: 00
STOP_TI ME = 1978- 01- 14T02: 00: 00
SPACECRAFT_CLOCK_START _TIME = UNK
SPACECRAFT_CLOCK_STOP_TIME = UNK

PRODUCT _CREATI ON_TI MVE = 1995- 01- 01T00: 00: 00
ORBI T_NUMBER = 666

FI LTER_NAVE = GREEN

| MAGE_I D = " MGL5N022- GRN- 666A"

| NSTRUVENT _NAVE { VI SUAL_| MAGI NG_SUBSYSTEM CAMERA A,
VI SUAL_| MAGI NG_SUBSYSTEM_CAVERA_B}

NOTE "MARS MULTI - SPECTRAL MDI M SERI ES"

/* SUN RAYS EM SSI ON, | NClI DENCE, AND PHASE ANGLES OF | MAGE CENTER*/

SOURCE_PRODUCT _I D = "666A36"
EM SSI ON_ANGLE = 21.794
| NCI DENCE_ANGLE = 66. 443
PHASE_ANGLE = 46.111
| * DESCRI PTI ON OF OBJECTS CONTAI NED I N FI LE */
OBJECT = | MAGE_HI STOGRAM
| TEMS = 256
DATA_TYPE = VAX_| NTEGER
| TEM BYTES = 4
END_OBJECT = | MAGE_HI STOGRAM
OBJECT = | MAGE
LI NES = 960
LI NE_SAMPLES = 956
SAMPLE_TYPE = UNSI GNED_| NTEGER
SAMPLE_BI TS =8
SAMPLE_BI T_MASK = 2#11111111#
CHECKSUM = 65718982
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/* 1/ F = SCALI NG_FACTOR* DN

SCALI NG_FACTOR
OFFSET

Appendix A. PDS Data Object Definitions

OFFSET, CONVERT TO | NTENSI TY/ FLUX */

0. 001000
0.0

/* OPTI MUM COLOR STRETCH FOR DI SPLAY OF COLOR | MAGES */

STRETCHED_FLAG

STRETCH_M NI MUM

STRETCH_MAXI MUM
END_OBJECT

END

FALSE
( 53, 0)
(133, 255)
| MAGE
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A.19 HISTORY

A HISTORY object is adynamic description of the history of one or more associated data objectsin a
file. It supplements the essentidly Static description contained in the PDS labdl.

The HISTORY object containstext in aformat smilar to that of the ODL statements used in the labdl.
It identifies previous computer manipulation of the principa data object(s) in thefile. It includes an
identification of the source data, processes performed, processing parameters, as well as dates and
times of processing. It isintended thet the history be available for display, be dynamicaly extended by
any process operating on the data, and be automatically propagated to the resulting data file. Eventudly,
it might be extracted for loading in detailed level cataogs of data set contents.

The HISTORY object is structured as a series of History Entries, one for each process which has
operated on the data. Each entry contains a standard set of ODL element assgnment statements,
ddlimited by “GROUP = program_name’ and “END_GROUP = program_name’ atements. A
subgroup in each entry, delimited by “GROUP = PARAMETERS’ and “END_GROUP =
PARAMETERS’, contains statements specifying the values of al parameters of the program.

A.19.1 HISTORY ENTRY ELEMENTS

Attribute Description

VERSION_DATE Program version date, SO standard format.
DATE TIME Run date and time, 1SO standard format.
NODE_NAME Network name of computer.
USER_NAMEUsername.

SOFTWARE_DESC Program-generated (brief) description.
USER_NOTE User-supplied (brief) description.

Unlike the above eements, the names of the parameters defined in the PARAMETERS subgroup are
uncontrolled, and must only conform to the program.

Thelast entry in aHISTORY object isfollowed by an END statement. The HISTORY object, by
convention, follows the PDS labdl of the file, beginning on arecord boundary, and is located by a

pointer statement in the labdl. There are no required dements for the PDS label description of the

object; it isrepresented in the labe only by the pointer statement, and OBJECT = HISTORY and
END_OBJECT = HISTORY gatements.

The HISTORY capability has been implemented as part of the Integrated Software for Imaging
Spectrometers (1S1S) system (see QUBE object definition). SIS QUBE applications add their own
entries to the QUBE file's cumulative HISTORY object. ISIS programs run under NASA'S TAE



A-62 Appendix A. PDS Data Object Definitions

(Transportable Applications Executive) system, and are able to automaticaly insert dl parameters of
their TAE procedure into the HISTORY entry created by the program. Consult the ISIS System Design
document for details and limitations imposed by that system. (See the QUBE object description for
further references)

A.19.2 Required Keywords

None

A.19.3 Optional Keywords

None

A.19.4 Required Objects

None

A.19.5 Optional Objects

None

A.19.6 Example

Thefdlowing Sngle-entry HISTORY object isfrom a Vicar-generated PDS-labeled QUBE file. (See
the QUBE object example.) Thereis only one entry because the QUBE (or rather its label) was
generated by asingle program, VISIS. A QUBE generated by multiple ISIS programs would have
multiple history entries, represented by multiple GROUPs in the HISTORY object.

The diagram following illustrates the placement of the example HISTORY object within a QUBE deata
product with an attached PDS labd.



Appendix A. PDS Data Object Definitions A-63

CCSD...
. PDS
MHISTORY = LABEL
END
GROUP=VISIS
HISTORY
END-GROUP=VISIS
END
QUBE
OBJECT = HI STORY
GROUP = VISIS
VERSI ON_DATE = 1990-11-08
DATE_TI ME = 1991-07-25T10: 12: 52
SOFTWARE_DESC = "ISIS cube file with PDS | abel has
been generated as systematic product by MPL using the follow ng

prograns:

NI MSMERGE to create EDR s;

NI MSCMM to create the nmerged nosaic & geonetry cube;
HI ST2D to create a two-di nensi onal histogram
SPECPLOT to create the spectral plots;

TRAN, F2, and INSERT3D to create the SI| cube;
VISISto create the I SIS cube.”

USER_NCTE = "VPDI N1/ Footprint, Linbfit,
Hei ght =50"
GROUP = PARAMETERS

EDR_FI LE_NAME ="
/ *EDR accessed through M PL Catal og*/
| MAGE_I D = NULL

SPI CE_FI LE_NAME = "N A
SPI KE_FI LE_NAME = "M PL: [ M PL. GLL] BOOM OBSCURATI ON. NI M'
DARK_VALUE_FI LE_NAME = "N A

CALI BRATI ON_FI LE_NAVE = " NDAT: NI MSGS2. CAL"
MERGED_MOSAI C_FI LE_NAME " NDAT: VPDI NL_DN_FP_LF_H50. CUB"

DARK_| NTERPOLATI ON_TYPE = NOUPDAT
PHOTOVETRI C_CORRECTI ON_TYPE = NONE
CUBE_NI MSEL_TYPE = NOCAL
BI NNI NG_TYPE = FOOTPRNT

FI LL_BOX_SI ZE =0
FI LL_M N_VALI D_PI XELS 0
SUMMARY_| MAGE_RED | D =0
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SUMMARY_| MAGE_GREEN | D
SUMMARY_| MAGE_BLUE_| D
ADAPT_STRETCH_SAT_FRAC
ADAPT_STRETCH_SAMP_FRAC
RED_STRETCH_RANGE
GREEN_STRETCH_RANGE
BLUE_STRETCH_RANGE
END_GROUP

END_GROUP

END_OBJECT

END

Appendix A. PDS Data Object Definitions

0
0
0. 000000

0. 000000

( 0, 0)
( 0, 0)
( 0, 0)
PARAVETERS

VI SIS

HI STORY
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A.20 IMAGE

An IMAGE object isatwo-dimensona aray of vaues, dl of the same type, each of whichisreferred
to as a sample. IMAGE objects are normally processed with specid display tools to produce avisua
representation of the samples by assigning brightness levels or display colors to the values. An IMAGE
conssts of aseries of lines, each containing the same number of samples.

The required IMAGE keywords define the parameters for smple IMAGE objects:

LINES isthe number of linesin theimage.

LINE_SAMPLES isthe number of samplesin each line,
SAMPLE BITS isthe number of bitsin each individua sample.
SAMPLE_TY PE defines the sample data type.

In more complex images, each individud line may have some atached data which are not part of the
image itself (engineering data, checksums, time tags, etc.). In this case the additiona, norrimege
parameters are accounted for as either LINE_PREFIX_BYTES or LINE_SUFFIX_BYTES,
depending on whether they occur before or after the image samplesin the line. These keywords indicate
the total number of bytes used for the additiond data, so that software processing the image can clip
these bytes before attempting to digplay or manipulate the image. The structure of the prefix or suffix
bytesis most often defined by a TABLE object (in the same labd), which will itsdf have
ROW_SUFFIX_BYTES or ROW_PREFIX_BYTES, to alow table-processing software to skip over
the image data. Figure A.1 illugtrates the layout of prefix and suffix bytes around an image.

LINES=10 —~— LINE SAMPLES = 15 —p Record
. 1
Fl
R U 2
E F
E F
r |
X X .
- 10

\ SAMPLE_BITS =8

SAMPLE_TYPE = UNSIGNED_INTEGER

Figure A.1 — Prefix and Suffix Bytes Attached to an | mage
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Sometimes asingle image is composed of severd bands of data. For example, a color image for video
display may actudly consst of three copies of the image: onein red, one in green and one in blue. Each
logical sample corresponds to one vaue for each of the bands. In this case, the keyword BANDS is
used to indicate the presence of multiple bands of data. BAND_STORAGE_TY PE indicates how the
banded values are organized:

SAMPLE_INTERLEAVED meansthat in each line, dl band vaues for each sample are
adjacent in the line. So in the above example of an RGB image, each line would look like this
(numbers are sample numbers, RGB = red, green, blue):

1R 1G 1B 2R 2G 2B 3R 3G 3B ...

LINE INTERLEAVED meansthat successve lines contain the band vaues for corresponding
samples. Continuing with the RGB example, thefirg physicd linesin the image datawould
represent the firgt digplay line of the image, firgt in red, then green, then blue:

1R 2R 3R 4R ...
1G 2G 3G 4G . ..
1B 2B 3B 4B ...

By default, IMAGE objects should be displayed so that the lines are drawn from left to right and top to
bottom. Other organizations can be indicated by using the LINE_DISPLAY _DIRECTION and
SAMPLE _DISPLAY_DIRECTION keywords. Figure A.2 illustrates band storage schemes and the
related keyword values.
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BLUE LikeA 1 RRTT LD SORR LA
LINE 2 Jooboboboba]
o]
<t4GREEN LINE 3
LIMNE 1 \TlTll |\ﬁﬁ l i N LINE 4 |
1 - \
LINE 2 RED i LINE 5
LINE 2 01 AT S LINE 6
LINE 4 . NN — !
LINE 5 | [N
LINE & . 5 LINE 8
LINE 7 |1 LINE &
LINE B Wil i

BAND_MAME = (RED, GREEN, BLUE)

BAND_STORAGE_TYPE=SAMFLE_INTERLEAVED

LINE 1 k :\\\Q
LINE 2 :\ :\\\*
LINE 3 :\\ %
LINE 4 k §
ETC. ..

Figure A.2 — Keywords for a Multi-Band I mage

A.20.1 Required Keywords

LINES
LINE_SAMPLES
SAMPLE_TYPE
SAMPLE BITS

A owbdpE

A.20.2 Optional Keywords

BAND_SEQUENCE
BAND_STORAGE_TYPE
BANDS

CHECKSUM

~AwbdE
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5. DERIVED _MAXIMUM
6. DERIVED_MINIMUM

7. DESCRIPTION

8. ENCODING_TYPE

9. FIRST_LINE

10. FIRST_LINE_SAMPLE
11. INVALID_CONSTANT
12. LINE_PREFIX_BYTES
13. LINE_SUFFIX_BYTES
14. MISSING _CONSTANT
15. OFFSET

16. SAMPLE_BIT_MASK
17. SAMPLING_FACTOR
18. SCALING_FACTOR

19. SOURCE_FILE_NAME
20. SOURCE_LINES

21. SOURCE_LINE_SAMPLES
22. SOURCE_SAMPLE BITS
23. STRETCHED FLAG

24. STRETCH_MINIMUM
25. STRETCH_MAXIMUM

A.20.3 Required Objects

None

A.20.4 Optional Objects

None

A.20.5 Example

Thisisan example of an (attached) IMAGE labd for a color digitd mosaic image from the Mars Digita
Image Map CD-ROMSs. It includes a CHECK SUM to support automated volume production and
validation, a SCALING_FACTOR to indicate the relationship between sample vaues and geophysica
parameters and stretch keywords to indicate optimal values for image display.

PDS_VERSI ON_I D PDS3

RECORD_TYPE

FI XED_LENGTH
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RECORD BYTES
FI LE_RECORDS
LABEL_RECORDS

Al MAGE_HI STOGRAM
Al MAGE

DATA SET_ID

PRODUCT | D

SPACECRAFT_NAME

TARGET _NAME

| MAGE_TI MVE

START_TI ME

STOP_TI ME
SPACECRAFT_CLOCK_START_COUNT
SPACECRAFT_CLOCK_STOP_COUNT
PRODUCT _CREATI ON_TI ME

ORBI T_NUVMBER

FI LTER_NAVE

| MAGE_I D

| NSTRUVENT _NANVE

NOTE
SOURCE_PRODUCT | D
EM SSI ON_ANGLE

| NCI DENCE_ANGLE
PHASE_ANGLE

/*

OBJECT
| TEMS
DATA_TYPE
| TEM BYTES
END_OBJECT

OBJECT
LI NES
LI NE_SAMPLES
SAMPLE_TYPE
SAMPLE_BI TS
SAMPLE_BI T_MASK
CHECKSUM
SCALI NG_FACTOR

OFFSET
STRETCHED_FLAG

STRETCH_M NI MUM
STRETCH_MAXI MUM
END_OBJECT

956
965

4
6

"\VOL/ VO2- M VI S- 5- DI M V1. 0"

" MGL5NO22- GRN- 666A"

VI KI NG_ORBI TER_1

MARS

1978- 01- 14T02: 00: 00

UNK

UNK

UNK

UNK

1995- 01- 01T00: 00: 00

666

GREEN

" MGL5NO22- GRN- 666A"

{ VI SUAL_I MAGI NG_SUBSYSTEM CAMERA_A,
VI SUAL_| MAGI NG_SUBSYSTEM CAMERA_B}
"MARS MULTI - SPECTRAL MDI M SERI ES"

" 666A36"

21.794

66. 443

46. 111

DESCRI PTI ON OF OBJECTS CONTAINED I N FI LE */

| MAGE_HI STOGRAM
256

VAX_| NTEGER

4

| MAGE_HI STOGRAM

| MAGE

960

956

UNSI GNED_| NTEGER

8

2#11111111#

65718982

0. 001000

/* I/F = scaling factor*DN+of f set,
/* convert to intensity/flux.
0.0

FALSE

/* Optinmum color stretch for
/* of color imges.

( 53, 0

(1383, 255)

| MAGE

di spl ay
*/

*/
*/

A-69

*/
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END
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A.21 INDEX_TABLE

The INDEX_TABLE object isa specific type of aTABLE object that provides information about the
data stored on an archive volume. The INDEX_TABLE contains one row for each datafile (or data
product label file, in the case where detached labels are used) on the volume. The table is formatted so
that it may be read directly by many data management systems on various host computers: dl fields
(columns) are separated by commas, character fields are enclosed in double quotation marks; and each
record ends in a carriage return/line feed sequence.

The columns of an INDEX_TABLE contain path information for eech file, plus vaues extracted from
keywords in the PDS labels. Columns are sdlected to dlow usersto a) search the table for specific files
of interest; and b) identify the exact location of the file both on the volume and in the PDS catalog. In
generd, the columnslisted in Section A.20.5.1 as optional are used for searching the table; the
required columns listed in Section A.20.4.1 provide the identification information for each file. Where
possible the PDS keyword name should be used as the NAME vaue in the corresponding COLUMN
definition.

Note: See Section 17.2 for information about the use of the congtants “N/A”, “UNK” and “NULL" in
an INDEX_TABLE.

A.21.1 INDEX_TABLEsUnder PreviousVersion of the Standards

Prior to version 3.2 of the Standards, the INDEX_TY PE keyword was optiond. Cumulative indices
were identified by their filenames, which were (and till are) of the form “CUMINDEX.TAB” or
“axxCMIDX.TAB” (with axx representing up to three aphanumeric characters). So, when
INDEX_TYPE isnot presant, it defaultsto “CUMULATIVE’ in cumuldive index files (thet is, file with
filenames as dove) and “SINGLE” in dl other index files.

A.21.2 Required Keywords

INTERCHANGE_FORMAT
ROWS

COLUMNS

ROW_BYTES
INDEX_TYPE

b owbdpE

A.21.3 Optional Keywords

1. NAME
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DESCRIPTION
INDEXED_FILE_NAME
UNKNOWN_CONSTANT
NOT_APPLICABLE_CONSTANT

abronN

A.21.4 Required Objects

1. COLUMN

A.21.41 Required COLUMN Objects

The following COLUMN objects (as identified by the COLUMN_NAME keyword) are required to
be included in the INDEX_TABLE object:

COLUMN_NAME

FILE_SPECIFICATION_NAME, or PATH_NAME and FILE_NAME
PRODUCT _ID

VOLUME ID”

DATA SET ID”

PRODUCT_CREATION_TIME "

LOGICAL_VOLUME_PATH_NAME " (must be used with PATH_NAME
and FILE_NAME for alogica volume)

oSk wNE

* If the value is constant across the datain the index table, this keyword can appear in the
index table slabdl. If the valueis not congtant, then a column of the given name must be used.

*x PRODUCT_ID isnot required if it has the same value as FILE_NAME or
FILE_SPECIFICATION_NAME.

A.21.4.2 Required Keywords (for Required COLUMN Objects)

NAME
DATA_TYPE
START_BYTE
BYTES
DESCRIPTION

b owbdpE

A.21.5 Optional Objects
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None

A.2151 Optional COLUMN Objects (NAME=)

A-73

The following COLUMN objects (as identified by the COLUMN_NAME keyword) may be optiondly

included in the INDEX_TABLE object:

COLUMN_NAME

MISSION_NAME
INSTRUMENT_NAME (or ID)

TARGET NAME
PRODUCT _TYPE
MISSION_PHASE_NAME
VOLUME_SET_ID
START_TIME

. STOP_TIME

©WooNogah~wWwDNE

10. SPACECRAFT_CLOCK_START _COUNT
11. SPACECRAFT_CLOCK_STOP COUNT

12. any other search columns

A.21.6 Example

PDS_VERSI ON_I D

RECORD_TYPE
RECORD_BYTES
FI LE_RECORDS
DESCRI PTI ON

1 NDEX_TABLE

OBJECT
| NTERCHANGE_FORNMAT
ROW BYTES
ROWS
COLUMNS
| NDEX_TYPE
| NDEXED_FI LE_NAVE

OBJECT

PDS3

FI XED_LENGTH
180
220

INSTRUMENT_HOST_NAME (or ID), or SPACECRAFT_NAME (or ID)

"I NDEX. TAB lists all data files on this

vol une"
"| NDEX. TAB"

| NDEX_TABLE
ASCl |

180

220

9

SI NGLE
{"*. AMD", "
. VEEA"
. CDF", "
. SCE", "

* %
b

. TDF"}

COLUWN

JJON, "L TIM
I I R Y I =
. ODR", "*. ODS"

, "*.TRO',
, ¥ MPD,
, "*. SFO',



A-74 Appendix A. PDS Data Object Definitions

NAME = VOLUME_I D
DESCRI PTI ON = "ldentifies the volune containing the
nanmed file"
DATA_TYPE = CHARACTER
START_BYTE =2
BYTES =9
END_OBJECT = COLUWN
OBJECT = COLUWN
NAME = DATA_SET_ID
DESCRI PTI ON = "The data set identifier. Acceptable
val ues include 'MO>MRSS-1-0 DR-V1.0""
DATA_TYPE = CHARACTER
START_BYTE = 14
BYTES = 25
END_OBJECT = COLUWN
OBJECT = COLUWN
NAME = PATH_NAME
DESCRI PTI ON = "Path to directory containing file.
Accept abl e val ues i ncl ude:
" AMD'
"I ON',
"TIM,
' TRO ,
"LIT,
"MF',
" MPD'
' ODF'
' ODR',
' ODS',
' SFO ,
'SCE', and
"TDF' ."
DATA_TYPE = CHARACTER
START_BYTE = 42
BYTES =9
END_OBJECT = COLUWN
OBJECT = COLUWN
NAME = FI LE_NAME
DESCRI PTI ON = "Name of file in archive"
DATA_TYPE = CHARACTER
START_BYTE = 54
BYTES = 12
END_OBJECT = COLUWN
OBJECT = COLUWN
NAME = PRODUCT_I D
DESCRI PTI ON = "Original file name on MO PDB or SOPC
DATA_TYPE = CHARACTER
START_BYTE = 69

BYTES = 33



Appendix A. PDS Data Object Definitions A-75

END_OBJECT = COLUWN
OBJECT = COLUWN
NAME = START_TI ME
DESCRI PTI ON = "Time at which data in the file begin
given in the format 'YYYY- MM DDThh: nm ss' . "
DATA_TYPE = CHARACTER
START_BYTE = 105
BYTES = 19
END_OBJECT = COLUWN
OBJECT = COLUWN
NAME = STOP_TI ME
DESCRI PTI ON = "Time at which data in the file end
given in the format 'YYYY- MM DDThh: nm ss' . "
DATA_TYPE = CHARACTER
START_BYTE = 127
BYTES = 19
END_OBJECT = COLUWN
OBJECT = COLUWN
NAME = PRODUCT_CREATI ON_TI ME
DESCRI PTI ON = "Date and time that file was created."
DATA_TYPE = CHARACTER
START_BYTE = 149
BYTES = 19
END_OBJECT = COLUWN
OBJECT = COLUWN
NAME = FILE_SI ZE
DESCRI PTI ON = "Nunber of bytes in file, not including
| abel . "
DATA_TYPE = "ASCI | | NTEGER"
START_BYTE = 170
BYTES =9
END_OBJECT = COLUWN
END_OBJECT = | NDEX_TABLE

END
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A.22 PALETTE

The PALETTE object, asub-class of the TABLE object, contains entries which represent color table
assgnments for vaues (i.e., SAMPLES) contained in an IMAGE.

If the PALETTE is stored in a separate file from the IMAGE object, then it should be stored in ASCII
format as 256 rows, each with 4 columns. Thefirgt column contains the SAMPLE vaue (running from
0-255 for an 8-bit SAMPLE, for example), and the remaining three columns contain the relative
amount (avaue from 0 to 255) of each primary color to be assgned for that SAMPLE vaue.

If the PALETTE is dored in the same file as the IMAGE object, then the PALETTE should be stored in
BINARY format as 256 consecutive 8-hit vaues for each primary color (RED, GREEN, BLUE)
resulting in a 768-byte record.

A.22.1 Required Keywords

INTERCHANGE_FORMAT
ROWS

ROW_BYTES

COLUMNS

> owbdhpE

A.22.2 Optional Keywords

1. DESCRIPTION
2. NAME

A.22.3 Required Objects

1. COLUMN

A.22.4 Optional Objects

None

A.22.5 Example

The examples below illudtrate both types of PALETTE objects (ASCII and BINARY). The firgt is
exampleisacomplete labe for an ASCIl PALETTE object:
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PDS_VERSI ON_| D = PDS3
RECORD_TYPE = FI XED_LENGTH
RECORD_BYTES = 80

FI LE_RECORDS = 256

APALETTE = "PALETTE. TAB"

/* I mage Pal ette description */

SPACECRAFT_NAME = MAGELLAN

M SSI ON_PHASE_NAME = PRI MARY_M SSI ON
TARGET_NAME = VENUS

PRODUCT_I D =" GEDR- MERC. 1; 2"

| MAGE_I D =" GEDR- MERC. 1; 2"

| NSTRUVENT_NAME =" RADAR SYSTEM'
PRODUCT_CREATI ON_TI ME = 1995-01- 01T00: 00: 00

NOTE = "Palette for browse inmage"

/* Description of an ASCI|I PALETTE object */

OBJECT = PALETTE
| NTERCHANGE_FORNMAT = ASCI |
ROWS = 256
ROW BYTES = 80
COLUWNS =4
OBJECT = COLUWN
NAME = SAMPLE
DESCRI PTI ON = "DN val ue for red, green, blue
intensities"
DATA_TYPE = ASCI | _I NTEGER
START_BYTE =1
BYTES =3
END_OBJECT
OBJECT = COLUWN
NAME = RED
DESCRI PTI ON = "Red intensity (0 - 255)"
DATA_TYPE = ASCI | _I NTEGER
START_BYTE =6
BYTES =3
END_OBJECT
OBJECT = COLUWN
NAME = GREEN
DESCRI PTI ON = "Green intensity (0 — 255)"
DATA_TYPE = ASCI | _I NTEGER
START_BYTE =11
BYTES =3
END_OBJECT
OBJECT = COLUWN
NAME = BLUE
DESCRI PTI ON = "Blue intensity (0 — 255)"

DATA_TYPE = ASCI | _| NTEGER
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START_BYTE = 16
BYTES =3
END_OBJECT
END_OBJECT

END

Thislabd fragment illustrates the definition of abinary PALETTE object:

/* Description of a BI NARY PALETTE object */

OBJECT = PALETTE
| NTERCHANGE _FORNMAT = BI NARY
ROAS =1
ROW BYTES = 768
COLUWNS =3
OBJECT = COLUWN
NANE = RED
DATA_TYPE = UNSI GNED_I NTEGER
START_BYTE =1
| TEMS = 256
| TEM BYTES =1
END_OBJECT = COLUWN
OBJECT = COLUWN
NANE = GREEN
DATA_TYPE = UNSI GNED_I NTEGER
START_BYTE = 257
| TEMS = 256
| TEM BYTES =1
END_OBJECT = COLUWN
OBJECT = COLUWN
NANE = BLUE
DATA_TYPE = UNSI GNED_I NTEGER
START_BYTE = 513
| TEMS = 256
| TEM BYTES =1
END_OBJECT = COLUWN
END_OBJECT = PALETTE
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A.23 QUBE

A generdized QUBE object isamultidimensond array (caled the core) of sample vauesin multiple
dimensions. The core is homogeneous, and conssts of unsigned byte, sgned halfword or floating point
fullword eements. QUBES of one to three dimensions may have optiond suffix areasin each axis. The
suffix areas may be heterogeneous, with dements of different types, but each suffix pixe is dways
alocated afull word. Specid vaues may be defined for the core and the suffix areas to designate
missing values and severd kinds of invaid vaues, such asinstrument and representation saturation.

The QUBE isthe principa data structure of the ISIS (Integrated Software for Imaging Spectrometers)
system. A frequently used specidization of the QUBE object isthe ISIS Standard Qube, whichisa
three-dimensona QUBE with two spatia dimensions and one spectral dimension. Its axes have the
interpretations 'samplé€, 'line and 'band'. Three physica storage orders are alowed: band- sequentid,
line_interleaved (band-interleaved-by-line) and sample interleaved (band-interleaved- by-pixd).

An example of a Standard 1S1'S Qube is a spectra image qube containing data from an imaging
spectrometer. Such aqube is Smultaneoudy a set of images (at different wavelengths) of the same target
area, and a set of spectraat each point of the target area. Typicaly, suffix areas in such aqube are
confined to 'backplanes containing geometric or quality information about individua spectra, i.e. about
the set of corresponding values a the same pixel location in each band.

The following diagram illustrates the generd structure of a Standard 1S91S Qube. Note that thisisa
conceptud or “logicd” view of the qube.

EXPLODED VIEW of a CORE STRUCTURE
QUBE OBJECT
SPECTRAL
BACKPLANE (BAN V
SPATIAL
(LINES)
CORE
SIDEPILANE
L
-
BOTTOMPLANE SPATIAL
(SAMPLES)

Figure A.3 — Exploded View of a Qube Object
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Some specid requirements are imposed by the ISIS system. A QUBE object must be associated with a
HISTORY object. (Other objects, such as HISTOGRAMS, IMAGEs, PALETTEs and TABLES
which contain gatistics, display parameters, engineering values or other ancillary data, are optiond.) A
specid dement, FILE_STATE, isrequired in the implicit FILE object. Some labd information is
organized into GROUPs, such asBAND_BIN and IMAGE_MAP_PROJECTION. The BAND_BIN
group contains essential wavelength information, and is required for Standard 1S1S Qubes.

The 1SIS system includes routines for reading and writing files containing QUBE objects. Both logica’
access, independent of actua storage order, and direct 'physica’ access are provided for Standard SIS
Qubes. Only physica accessis provided for generalized QUBES. Most I SIS application programs
operate on Standard |SIS Qubes. Arbitrary subqubes (‘virtua' qubes) of existing qubes may be
specified for most of these programs. In addition, 191S includes software for handling Tables (an ISIS
variant of the PDS Table object) and Instrument Spectral Libraries.

For a complete description, refer to the most recent version of “ISD: SIS System Design, Build 27,
obtainable from the PDS Operator.

NOTE: Thefollowing required and optiond elements of the QUBE object are 1SIS-specific. Since the

|SIS system was designed before the current version of the Planetary Science Data Dictionary, some of
the dement names conflict with current PDS nomenclature standards.

A.23.1 Required Keywords (Generalized Qube and Standard | SIS Qube)

AXES Number of axes or dimensions of qube [integer]
AXIS NAME Names of axes [sequence of 1-6 literdg]
(BAND, LINE, SAMPLE) for Standard Qube
CORE_ITEMS Core dimensions of axes[seq of 1-6 integers]
CORE_ITEM_BYTES Core dement size[integer bytes: {1, 2, 4}]
CORE_ITEM_TYPE Core dement type
[literd: {UNSIGNED_INTEGER, INTEGER,
REAL}]
CORE_BASE Base vdue of coreitem scding [red]
CORE_MULTIPLIER Multiplier for core item scaing [redl]

'true’ vaue = base + multiplier * 'stored' vaue

(base = 0.0 and multiplier = 1.0 for REALS)
SUFFIX_BYTES Storage dlocation of suffix dements[integer: dways 4]
SUFFIX_ITEMS Suffix dimensions of axes [seq of 1-6 integers]
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CORE_VALID_MINIMUM

CORE_NULL
CORE_LOW_INSTR_SATURATION

CORE_HIGH_INSTR_SATURATION

CORE_LOW_REPR_SATURATION

CORE_HIGH_REPR_SATURATION

A-81

Minimum valid core value -- vaues below thisvaue are
reserved for 'specid’ vaues, of which 5 are currently
assigned [integer or non-decimd integer: these values
are fixed by 1SS convention for each dlowable item
type and sze-- see |SD for detailg

Specid vaue indicating invdid data
Specid vaue indicating indrument saturation at the low
end

Specid vaueindicating instrument saturation &t the high
end

Specid vaue indicating representation saturation a the
low end

Specid vaue indicating representation saturation at the
highend

A.23.2 Required Keywords (Standard 1SIS Qube) and Optional Keywords

(Generalized Qube)

CORE_NAME

CORE_UNIT
BAND_BIN_CENTER

BAND_BIN_UNIT
BAND_BIN_ORIGINAL_BAND

Name of vaue stored in core of qube [literd, e.g.
SPECTRAL_RADIANCE]
Unit of value sored in core of qube [literd]

Waveengths of bands in a Standard Qube [sequence of
reas

Unit of wavelength [literd, eg. MICROMETER]
Origina band numbers, referring to a Qube of which the

current qube is a subqube. In the origina qube, these
are sequentia integers.[ sequence of integers]

A.23.3 Optional Keywords (Generalized Qube and Standard | SIS Qube)

BAND_BIN_WIDTH

BAND_BIN_STANDARD_DEVIATION

BAND_BIN_DETECTOR

Width (at half height) of spectral response of bands
[sequence of redls]

Standard deviation of spectrometer values at each band
[sequence of redls|

Instrument detector number of band, where rdevant
[sequence of integers]
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BAND_BIN_GRATING_POSITION

A.233.1
gube):
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Instrument grating position of band, where relevant
[sequence of integers]

Required Keywords (for each suffix present in a 1-3 dimensional

Note: These must be prefixed by the specific AXIS NAME. These are SAMPLE, LINE and BAND
for Standard 1S1'S Qubes. Only the commonly used BAND variants are shown:

BAND_SUFFIX_NAME
BAND_SUFFIX_UNIT
BAND_SUFFIX_ITEM_BYTES
BAND_SUFFIX_ITEM_TYPE

BAND_SUFFIX_BASE
BAND_SUFFIX_MULTIPLIER

BAND_SUFFIX_VALID_MINIMUM
BAND_SUFFIX_NULL
BAND_SUFFIX_LOW_INSTR_SAT
BAND_SUFFIX_HIGH_INSTR SAT
BAND_SUFFIX_LOW_REPR SAT
BAND_SUFFIX_HIGH_REPR SAT

A.23.4 Example

Names of suffix items [sequence of literd]

Units of suffix items [sequence of literds)

Suffix item sizes [sequence of integer bytes{1, 2, 4}]
Suffix item types [sequence of literds.
{UNSIGNED_INTEGER, INTEGER, REAL, ...}]

Base vaues of suffix item scaling [sequence of reds|
(see corresponding core element)

Multipliers for suffix item scaling [sequence of red|
(see corresponding core €l ement)

Minimum vaid suffix vaues
...anhd assgned specid values
[sequences of integers or realq
(see corresponding core
element definitions for

details)

The following labd describes 1SS QUBE data from the Gdileo NIM S experiment. The QUBE
contains 17 bands of NIM S fixed-map mode raw data numbers and 9 backplanes of ancillary
information. In other modes, NIM S can produce data qubes of 34, 102, 204 and 408 bands.
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-— 512 ——— Record

CcCSD. .. 1
AHISTORY =
AQUBE
LABEL
END 24
25
HISTORY :
47
48
QUBE :
9362

PDS VERSI ON | D = PDS3
/* File Structure */

RECORD_TYPE = FI XED_LENGTH
RECORD_BYTES = 512

FI LE_RECORDS = 9158

LABEL_ RECORDS = 24

FI LE_STATE = CLEAN

AHI STORY = 25

OBJECT = H STORY
END_OBJECT = H STORY
AQUBE = 48

OBJECT = QUBE

/* Qube structure: Standard ISIS QUBE of NIMS Data */

AXES
AXI S_NAME

3
( SAVPLE, LI NE, BAND)

/* Core description */

CORE_| TEMS = (229, 291, 17)
CORE_| TEM BYTES =2

CORE_| TEM TYPE = VAX_| NTEGER
CORE_BASE = 0.0
CORE_MULTI PLI ER = 1.0
CORE_VALI D_M NI MUM = -32752
CORE_NULL = -32768
CORE_LOW REPR_SATURATION = -32767
CORE_LOW. | NSTR_SATURATION = - 32766
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- 32765
- 32764

CORE_HI GH_I NSTR_SATURATI ON
CORE_Hl GH_REPR_SATURATI ON

CORE_NAME = RAW DATA_NUMBER
CORE_UNI'T = DI MENSI ONLESS
PHOTOVETRI C_CORRECTI ON_TYPE = NONE

/* Suffix description */

SUFFI X_BYTES =4

SUFFI X_I TEMS = (0,0,9)

BAND_SUFFI X_NANME

(LATI TUDE, LONG TUDE, | NCI DENCE_ANGLE,

EM SSI ON_ANGLE, PHASE_ANGLE, SLANT_DI STANCE, | NTERCEPT_ALTI TUDE

PHASE_ANGLE_STD DEV, RAW DATA NUVBER_STD DEV)

BAND_SUFFI X_UNI T = (DEGREE, DEGREE, DEGREE, DEGREE, DEGREE,

KI LOVETER, KI LOVETER, DEGREE, DI MENSI ONLESS)
BAND_SUFFI X_| TEM BYTES (4,4,4,4,4,4,4,4,4)

BAND_SUFFI X_I TEM TYPE = (VAX_REAL, VAX_REAL, VAX_ REAL
VAX_REAL, VAX_REAL, VAX_REAL, VAX REAL, VAX_REAL)
BAND_SUFFI X_BASE = (0.000000, 0.000000, 0.000000
0. 000000, 0.000000, 0.000000, 0.000000, 0.000000)
BAND_SUFFI X_MULTI PLI ER = (1.000000, 1.000000, 1.000000
1.000000, 1.000000, 1.000000, 1.000000, 1.000000)

BAND _SUFFI X_VALID M NI MUM = ( 16#FFEFFFFF#, 16#FFEFFFFF#,

16#FFEFFFFF#, 16#FFEFFFFF#, 16#FFEFFFFF#, 16#FFEFFFFF#,
16#FFEFFFFF#, 16#FFEFFFFF#, 16#FFEFFFFF#)

BAND_SUFFI X_NULL = (16#FFFFFFFF#, 16#FFFFFFFF#,
16#FFFFFFFF#, 16#FFFFFFFF#, 16#FFFFFFFF#, 16#FFFFFFFF#,
16#FFFFFFFF#, 16#FFFFFFFF#, 16#FFFFFFFF#)

BAND_SUFFI X_LOW REPR_SAT = ( 16#FFFEFFFF#, 16#FFFEFFFF#,
16#FFFEFFFF#, 16#FFFEFFFF#, 16#FFFEFFFF#, 16#FFFEFFFF#,
16#FFFEFFFF#, 16#FFFEFFFF#, 16#FFFEFFFF#)

BAND_SUFFI X_LOW I NSTR_SAT = ( 16#FFFDFFFF#, 16#FFFDFFFF#,
16#FFFDFFFF#, 16#FFFDFFFF#, 16#FFFDFFFF#, 16#FFFDFFFF#,
16#FFFDFFFF#, 16#FFFDFFFF#, 16#FFFDFFFF#)

BAND_SUFFI X_HI GH_| NSTR_SAT = ( 16#FFFCFFFF#, 16#FFFCFFFF#,
16#FFFCFFFF#, 16#FFFCFFFF#, 16#FFFCFFFF#, 16#FFFCFFFF#,
16#FFFCFFFF#, 16#FFFCFFFF#, 16#FFFCFFFF#)

BAND_SUFFI X_HI GH_REPR_SAT = ( 16#FFFBFFFF#, 16#FFFBFFFF#,
16#FFFBFFFF#, 16#FFFBFFFF#, 16#FFFBFFFF#, 16#FFFBFFFF#,
16#FFFBFFFF#, 16#FFFBFFFF#, 16#FFFBFFFF#)

BAND_SUFFI X_NOTE = "The backpl anes contain 7 geo
paraneters, the standard deviation of one of them th
deviation of a selected data band, and 0 to 10 'spect
bands, each a user-specified function of the data ban
t he BAND_SUFFI X_NAME val ues.)

Longi tude ranges fromO to 360 degrees, with positive d
speci fied by POSI TI VE_LONG TUDE_DI RECTION i n the
| MAGE_MAP_PRQJECTI ON gr oup

| NTERCEPT_ALTI TUDE contai ns values for the DI FFERENCE b
the length of the normal fromthe center of the target

line of sight AND the radius of the target body. On-ta
have zero val ues. Points beyond the maxi mum expanded r

. VAX_REAL,
, 0.000000,

, 1.000000,

metric

e standard
ral index'
ds. (See

irection

et ween

body to the
rget points
adi us have
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null values. This plane thus also serves as a set of 'off-Ilinb
flags. It is neaningful only for the ORTHOGRAPHI C and

PO NT_PERSPECTI VE pr oj ecti ons;

ot herwi se all

val ues are zero. The

geonetric standard devi ati on backpl ane contains the standard

devi ation of the geonetry backplane indicated in its NAME,
val ue 16#FFF9FFFF# repl aces the standard

that the speci al

except

devi ati on where the correspondi ng core pixels have been 'filled".

The data band standard deviation plane is conmputed for the N M

data band specified by STD DEV_SELECTED_BAND_ NUVBER.
a raw data nunber,
i ndi cated by CORE_NAME.

ei t her

The (optional) spectral

or spectral

radi ance,

This may be

whi chever is

i ndex bands were generated by the Vicar F2

program The correspondi ng BAND _SUFFI X NAME i s an abbrevi ated
formula for the function used, where Bn should be read ' NI M5 data

band n'. For
8."

STD DEV_SELECTED BAND_NUMBER

/* Data description:

DATA_SET_ID

PRODUCT | D
SPACECRAFT_NAME

M SSI ON_PHASE_NANE

| NSTRUVENT _NAVE

| NSTRUVENT I D

A] NSTRUMVENT _DESCRI PTI ON

TARGET _NAME
START_TI ME
STOP_TI ME

NATI VE_START_TI ME
NATI VE_STOP_TI ME
OBSERVATI ON_NANE
OBSERVATI ON_NOTE

| NCI DENCE_ANGLE

EM SSI ON_ANGLE
PHASE_ANGLE
SUB_SOLAR_AZI MUTH
SUB_SPACECRAFT_AZI MUTH
M NI MUM_SLANT_DI STANCE
MAXI MUM_SLANT_DI STANCE

M N_SPACECRAFT_SOLAR DI STANCE
MAX_SPACECRAFT_SOLAR DI STANCE

/* Data description:

| NSTRUVENT _MODE_| D
GAI N_MODE_I D

exanpl e:

gener al

*/

9

B4/ B8 represents the ratio of bands 4 and

"GO V- NI M5- 4- MOSAI C- V1. 0"

" XYZ"
GALI LEO_ORBI TER
VENUS_ENCOUNTER

NEAR | NFRARED_MAPPI NG_SPECTROVETER

NI MS
"NI MSI NST. TXT"

VENUS
1990-02-10TO01: 49: 58
1990-02-10T02: 31: 52
180425. 85

180467. 34

" VPDI N1

= "VPDIN1 / Footprint,

He

i nstrunent

i ght =50"

160. 48

14.01

147. 39
-174.74
-0.80
85684. 10
103175. 00
1.076102e+08
1. 076250e+08

status */

FI XED_NMAP
2

Li nbfit,
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CHOPPER_MODE_| D
START_GRATI NG_POSI TI ON
OFFSET_GRATI NG_POSI TI ON

MEAN_FOCAL_PLANE_TEMPERATURE
MEAN_RAD_SHI ELD_TEMPERATURE
MEAN_TELESCOPE_TEMPERATURE
MEAN_GRATI NG_TEMPERATURE
MEAN_CHOPPER_TEMPERATURE
MEAN_ELECTRONI CS_TEMPERATURE

GROUP

BAND_BI N_CENTER
1. 458040,
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REFERENCE
16

= 04

85. 569702
123. 636002
139. 604996
142. 580002
142. 449997
287. 049988

BAND_BI N

(0.798777, 0.937873, 1.179840,

1. 736630, 2.017250, 2.298800, 2.579060, 2.864540,

3. 144230, 3.427810, 3.710640, 3.993880, 4.277290, 4.561400,

4.843560, 5.126080)
BAND BI N_UNI T
BAND_BI N_ORI Gl NAL_BAND

BAND_BI N_GRATI NG_POSI TI ON
BAND_BI N_DETECTOR
END_GROUP

GROUP
/* Projection description */
MAP_PRQIECTI ON_TYPE
MAP_SCALE
MAP_RESCLUTI ON
CENTER_LATI TUDE
CENTER_LONG TUDE
LI NE_PROJECTI ON_OFFSET
SAMPLE_PRQIECTI ON_OFFSET
M NI MUM_LATI TUDE
MAXI MUM_LATI TUDE
M NI MUM_LONG TUDE
MAXI MUM_LONG TUDE
POSI Tl VE_LONG TUDE_DI RECTI ON
A_AXI S_RADI US
B_AXI S_RADI US
C_AXI S_RADI US
REFERENCE_LATI TUDE
REFERENCE_LONG TUDE
MAP_PRQJECTI ON_ROTATI ON
LI NE_FI RST_PI XEL
LI NE_LAST_PI XEL
SAMPLE_FI RST_PI XEL
SAMPLE_LAST_PI XEL
END_GROUP

END_OBJECT
END

12,

16,

12,

M CROMETER

(1, 2, 3, 4, 5, 6, 7, 8 9, 10, 11,
13, 14, 15, 16, 17)

(16, 16, 16, 16, 16, 16, 16, 16, 16,
16, 16, 16, 16, 16, 16, 16)

(1, 2, 3, 4, 5, 6, 7, 8 9, 10, 11,
13, 14, 15, 16, 17)

BAND_BI N

| MAGE_MAP_PRQJECTI ON

OBLI QUE_ORTHOGRAPHI C
45. 000

2. 366

12. 00

350. 00

149. 10

85. 10

11. 71

13. 62

349. 62

351. 72

EAST

6101. 000000
6101. 000000
6101. 000000
0. 000000

0. 000000

0. 00

1

229

1

291

| MAGE_MAP_PRQJECTI ON

QUBE
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A.24 SERIES

The SERIES object isasub-class of the TABLE object. It isused for storing a sequence of
measurements organized in a specific way (e.g., chronologicaly, by radid distance, etc.). The SERIES
uses the same physicd format specification as the TABLE object with additiond sampling parameter
information describing the variation between eements in the series. The sampling parameter keywords
arerequired for the SERIES object itself, but are optiond for the COLUMN sub- objects, depending
on the data organization.

The sampling parameter keywords in the SERIES object represent the variation between the ROWS of
data. For data with regularly-spaced rows, the SAMPLING_PARAMETER_INTERVAL keyword
defines the row-to-row variation. For datain which rows are irregularly spaced, the
SAMPLING_PARAMETER _INTERVAL keyword is“N/A” and the actud sampling parameter is
included asa COLUMN in the SERIES.

When the data vary regularly across items of a single column, sampling parameter keywords appear as
part of the COLUMN sub-object. Data sampled at irregular intervals described as separate columns
may aso provide sampling parameter information specific to each column.

Optional MINIMUM_SAMPLING_PARAMETER and MAXIMUM_SAMPLING_PARAMETER
keywords should be added whenever possible to indicate the range in which the data were sampled.
For data sampled at asingle point rather than over arange, both the

MINIMUM_SAMPLING PARAMETER and MAXIMUM_SAMPLING_PARAMETER are st to
the specific vdue.

The object name“TIME_SERIES” is used when the seriesis chronologicd. In this case the [abd
keywords START_TIME and STOP_TIME are assumed to indicate the minimum and maximum times
inthefile. If thisis not the case, the MINIMUM_SAMPLING_PARAMETER and
MAXIMUM_SAMPLING_PARAMETER keywords should be used to specify the corresponding
time vaues for the series,

A.24.1 Required Keywords

INTERCHANGE_FORMAT

ROWS

COLUMNS

ROW BYTES
SAMPLING_PARAMETER NAME
SAMPLING PARAMETER UNIT
SAMPLING_PARAMETER_INTERVAL

Noaks~wbdPE
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A.24.2 Optional Keywords

NAME

ROW_PREFIX_BYTES
ROW_SUFFIX_BYTES
MINIMUM_SAMPLING _PARAMETER
MAXIMUM_SAMPLING PARAMETER
DERIVED_MINIMUM

DERIVED MAXIMUM

DESCRIPTION

N U~ WDNE

A.24.3 Required Objects

1. COLUMN

A.24.4 Optional Objects

1. CONTAINER

A.24.5 Example

Thisexample illugtrates the use of the SERIES object for data that vary regularly in two ways. rows of
datain the SERIES occur a 60 millisecond intervas, while the column vaues occur at .03472222
millisecond intervals. Note that, as with other forms of the TABLE object, each row in a SERIES may
contain prefix or suffix bytes, indicated in this case by the ROW_PREFIX_BYTES inthe
TIME_SERIES definition. The structure of the prefix is defined by the ROW_PREFIX_TABLE object,
for which the COLUMN definitions are stored in a separate file (“ROWPRX.FMT”).
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ENGINEERING TABLE

Rec / \

1 243-byte Eng rec Spare
2 1600 8-bit waveform samples 60 ms
between
rows

[ S

03472222 ms between samples

801
bytes 1-220 bytes 221-1820
ROW_PREFIX TIME_SERIES
_TABLE
PDS_VERSI ON_| D PDS3
RECORD_TYPE FI XED_LENGTH
RECORD_BYTES 1820
FI LE_RECORDS 801

AENG NEERI NG_TABLE
~"ROW _PREFI X_TABLE
ATl ME_SERI ES

/* Cbservation description */
DATA SET_ID

PRODUCT_I D

PRODUCT_CREATI ON_TI ME
SPACECRAFT_NAME
SPACECRAFT_CLOCK_START_COUNT
SPACECRAFT_CLOCK_STOP_COUNT
EARTH_RECEI VED_TI ME

START_TI ME

STOP_TI ME

M SSI ON_PHASE_NAME
TARGET_NAME

(" C0900313. DAT", 1)
(" C0900313. DAT", 2)
(" C0900313. DAT", 2)

"VG2- N- PWS- 2- EDR- WFRM 60MB- V1. 0"
" C0900313. DAT"

" UNK"

VOYAGER 2
"09003. 13. 002"
"09003. 13. 002"

1989- 159T13: 35: 00. 121
1989- 157T14: 16: 56. 979
N A"
NEPTUNE_ENCOUNTER
NEPTUNE

A-89
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/* Instrunment description */
| NSTRUVENT_NAME

| NSTRUVENT_I D

SECTI ON_I D

/* Object descriptions */
OBJECT

| NTERCHANGE_FORNMAT

ROWS

COLUWNS

ROW BYTES

ROW SUFFI X_BYTES

DESCRI PTI ON

Appendix A. PDS Data Object Definitions

PLASMA_WAVE_RECEI VER
PWS
WFRM

ENG NEERI NG _TABLE

Bl NARY

1

106

243

1577

"This table describes the format of

the engineering record which is included as the first record in

each PWs high rate waveformfile. This record contains the first
242 bytes of data extracted fromthe M ssion and Test |nagi ng System
(MF1'S) header record on each file of an imagi ng EDR tape. A 243rd
byte containing some flag fields has been added to the table for al
data collected during the Neptune encounter."

ASTRUCTURE
END_OBJECT

OBJECT
| NTERCHANGE _FORNMAT
ROAS
COLUWNS
ROW BYTES
ROW SUFFI X_BYTES
DESCRI PTI ON

"ENGTAB. FMT"
ENG NEERI NG_TABLE

ROW PREFI X _TABLE

Bl NARY

800

47

220

1600

"This table describes the format of

the engineering data associated with the collection of each row of
wavef orm data (1600 waveform sanples)."

ASTRUCTURE
END_OBJECT

OBJECT
NANE
| NTERCHANGE _FORNMAT
ROAS
COLUWNS
ROW BYTES
ROW PREFI X_BYTES
SAMPLI NG_PARAVETER_NANME
SAMPLI NG_PARAMETER_UNI T
SAMPLI NG_PARAMETER | NTERVAL
DESCRI PTI ON

" ROWPRX. FMT"
ROW _PREFI X_TABLE

TI ME_SERI ES
WAVEFORM FRANE
Bl NARY

799

1

1600

220

= TIME

SECOND
. 06 /[* 60 MS between rows */
"This tinme_series consists of up to

800 records (or rows, lines) of PWs waveform sanple data. Each
record 2-801 of the file (or frane) contains 1600 waveform sanpl es,
prefaced by 220 bytes of MIIS information. The 1600 sanples are
collected in 55.56 nsec followed by a 4.44 nsec gap. Each 60 nsec
interval constitutes a line of waveform sanples. Each file contains
up to 800 lines of waveform sanples for a 48 sec frane."

OBJECT
NAME

COLUWN
WAVEFORM_SAMPLES
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DATA_TYPE = MBSB_UNSI GNED_| NTEGER
START_BYTE = 221

BYTES = 1600

| TEMS = 1600

| TEM BYTES =1

SAMPLI NG_PARAVETER_NANE = TIME

SECOND
0. 00003472222 /*tinme between sanpl es*/

SAVPLI NG_PARAMETER_UNI T
SAVPLI NG_PARAMETER | NTERVAL

OFFSET =-7.5

VALI D_M NI MUM =0

VALI D_MAXI MUM = 15

DESCRI PTI ON = "The 1-byte waveform sanpl es

constitute an array of waveform neasurenents which are encoded into
binary values fromO to 15 and nmay be re-mapped to reduce the
artificial zero-frequency conponent. For exanple, stored values can
be mapped to the followi ng floating point values. The original 4-
bit data sanples have been repackaged into 8-bit (1 byte) itens

wi t hout nodification for archival purposes.\n

0 =-7.5 1 =-6.52 =-5.5 3 =-4.5
4 =-35 5 =-256 =-1.5 7 =-0.5
8 = 0.5 9 = 1.510 = 2.5 11 = 3.5
12 = 4.5 13 = 5514 = 6.5 15 = 7.5
END_OBJECT = COLUWN
END_OBJECT = TI ME_SERI ES

END
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A.25 SPECTRUM

The SPECTRUM object isaform of TABLE used for storing spectral measurements. The
SPECTRUM object is assumed to have a number of measurements of the observation target taken in
different spectra bands. The SPECTRUM object uses the same physica format specification asthe
TABLE object, but includes sampling parameter definitions which indicate the spectra region measured
in successve COLUMNS or ROWs. The common sampling parameters for SPECTRUM objects are
wavedength, frequency, or velocity.

A regularly sampled SPECTRUM can be stored ether horizontaly as a one-row table with asingle
column containing n samples (indicated in the COLUMN definition by “ITEMS=n"), or verticaly asa
one-column table with n rows where each row contains a sample of the spectrum. The vertica format
alows additiona columns to be defined for related parameters for each sample value (e.g., error bars).
These related columns may also be described in a separate PREFIX or SUFFIX table.

In the horizonta format, the sampling parameter specifications are included in the COLUMN definition.
For averticdly defined SPECTRUM, the sampling parameter information is provided in the
SPECTRUM object, sinceit is describing the spectra variation between the rows of the data. An
irregularly sampled SPECTRUM must be stored horizontdly, with each specific spectra range identified
as a separate column.

A.25.1 Required Keywords

INTERCHANGE_FORMAT
ROWS

COLUMNS

ROW_BYTES

AwbdpE

A.25.2 Optional Keywords

NAME

SAMPLING_PARAMETER NAME
SAMPLING_PARAMETER_UNIT
SAMPLING PARAMETER INTERVAL
ROW_PREFIX_BYTES
ROW_SUFFIX_BYTES
MINIMUM_SAMPLING_PARAMETER
MAXIMUM_SAMPLING PARAMETER
. DERIVED_MINIMUM

10. DERIVED_MAXIMUM

©OCoo~NogakrwNPRE
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11. DESCRIPTION

A.25.3 Required Objects

1. COLUMN

A.25.4 Optional Objects

1. CONTAINER

A.25.5 Example

Thisexample illustrates a SPECTRUM data object stored in avertical format. The data are regularly
sampled at intervals of 99.09618 meters/second and data samples are stored in successive ROWS.

row -—2 byte§ ———
1 -258111.21 M/S
2 -254599 .47 M/S
256

PDS_VERSI ON_I D PDS3

RECORD_TYPE FI XED_LENGTH

RECORD_BYTES 2

FI LE_RECORDS 256

PRODUCT_I D "RSSLOO07. DAT"

DATA_SET_I D "I HWM C- RSSL- 3- EDR- HALLEY- V1. 0"
TARGET_NAME "HALLEY"

"I HW RADI O STUDI ES NETWORK"
"RADI O SPECTRAL LI NE DATA"
"621270"

1985-11-10T00: 43: 12. 000
1985-11-10T00: 43: 12. 000

" UNK"

| NSTRUVENT _HOST_NANME
| NSTRUVENT _NAVE
OBSERVATI ON_I D
START_TI ME

STOP_TI ME
PRODUCT_CREATI ON_TI ME

/* Record Pointer to Major Object */
ATOTAL_| NTENSI TY_SPECTRUM = "RSSL0007. DAT"

/* Object Description */



Appendix A. PDS Data Object Definitions

OBJECT = SPECTRUM
| NTERCHANGE _FORNMAT = BI NARY
ROAS = 256
ROW BYTES =2
COLUWNS =1

SAMPLI NG_PARAMETER_NAME

M NI MUM_SAMPLI NG_PARAMETER

SAMPLI NG_PARAMETER_| NTERVAL 9. 909618E+01

SAMPLI NG_PARAMETER_UNI T " METERS/ SECOND"

DESCRI PTI ON = "Radi o Studies; Spectral Line intensity
spectrum Spectrumis organized as 1
colum with 256 rows. Each row
contains a spectral value for the
vel ocity derived fromthe sanpling
paraneter infornmation associated with

" VELO_COM'
- 1. 268431E+04

each row. "
OBJECT = COLUWN
NANVE = FLUX_DENSI TY
DATA TYPE = MSB_| NTEGER
START_BYTE =1
BYTES =2
SCALI NG_FACTOR = 7.251200E- 04
OFFSET = 0. 000000E+01
DERI VED_M NI MUM = 2.380000E+01
DERI VED_MAXI MUM = 3. 490000E+01
END OBJECT = COLUWN
END OBJECT = SPECTRUM

END
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A.26 SPICE KERNEL

The SPICE_KERNEL object describes asingle kernd filein a collection of SPICE kernds. SPICE
kernels provide ancillary data needed to support the planning and subsequent analysis of gpace science
observations. The SPICE system includes the software and documentation required to read the SPICE
Kernds and use the data contained therein to help plan observations or interpret space science data.
This software and associated documentation are collectively caled the NAIF Toolkit.

Kernd files are the mgor components of the SPICE system. Each type of kernd, indicated by the
KERNEL _TY PE keyword, corresponds to one of these components and has a specific abbreviation.
The mgor kerne types, their abbreviations, and the associated file extenson(s) are listed in the
following table. (For acomplete ligt of file extensions, see Section 10.2.3.)

KERNEL_TYPE Abbreviation File Contents
Extension
EPHEMERIS SPK .BSP—binary Spacecraft, planet, satellite, or other target

XSP-—transfer body epehemeris data to provide position and
velocity of atarget asafunction of time

TARGET_CONSTANTS PCK TPC Cartographic constants for a planet, satellite,
comet, or asteroid
INSTRUMENT IK Tl Collected science instrument information,

including dpecification of the mounting
aignment, internal timing, and other
information needed to interpret measurements
made with a particular instrument

POINTING CK .BC—binary Pointing data, e.g., the inertially referenced
XC - transfer attitude for a spacecraft structure upon which
instruments are mounted, given as afunction
of time
EVENTS EK XES Event information, e.g., spacecraft and

instrument commands, ground data system
event logs, and experimenter’ s notebook
comments

LEAPSECONDS LSK TLS An account of the |leapseconds needed to
correlate civil time (UTC) to ephemeristime
(TDB), the measure of time used in the SP

kernel files
SPACECRAFT_CLOCK- LK TISC Data needed to correlate a spacecraft clock to
_COEFFICIENTS ephemeristime

Data products referencing a particular SPICE kernel do so by including the SOURCE_PRODUCT _ID
keyword in their label with a value corresponding to that of the PRODUCT _ID keyword in the
SPICE_KERNEL labd. (The PRODUCT _ID keyword is unique to a data product.)
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A.26.1 Required Keywords

1. DESCRIPTION
2. INTERCHANGE_FORMAT
3. KERNEL_TYPE

A.26.2 Optional Keywords
Any

A.26.3 Required Objects

None

A.26.4 Optional Objects

None

A.26.5 Example

Following is an example of a SPICE CK (pointing) kernel labd. Thislabel would be attached to the CK

file, and thus would be immediately followed by the internd CK file header. (This example was
fabricated for use here based on existing examples.)

PDS_VERSI ON_| D
RECORD_TYPE

M SSI ON_NANVE
SPACECRAFT_NAME

PDS3

STREAM
MARS_OBSERVER
MARS OBSERVER

DATA _SET_I D " MO- M SPI CE- 6- CK- V1. 0"
FI LE_NAME "NAFO000D. TC'

PRODUCT_I D "NAFO000D- CK"
PRODUCT_CREATI ON_TI ME 1992- 04-14T12: 00: 00
PRODUCER_| D " NAI F"

M SSI ON_PHASE_TYPE "ORBI T"

PRODUCT_VERSI ON_TYPE " TEST"

START_TIME

STOP_TI ME
SPACECRAFT_CLOCK_START_COUNT
SPACECRAFT_CLOCK_STOP_COUNT

1994-01-06T00: 00: 00
1994-02-04T23: 55: 00
"3/76681108. 213"
"4/79373491. 118"

TARGET_NAME MARS
I NSTRUVENT_NAME "MARS OBSERVER SPACECRAFT"
I NSTRUVENT_I D MO

SOURCE_PRCDUCT | D =
{" NAFO000C. BSP", " NAFO00OC. TLS", " NAFO000C. TSC"}
NOTE
SOFTWARE TESTI NG ONLY. "

"BASED ON EPHEMERI S | N NAFOOOOC. BSP.

FOR
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OBJECT = SPI CE_KERNEL
| NTERCHANGE_FORMAT = ASCI |
KERNEL_TYPE = PO NTI NG

DESCRI PTI ON "This is a SPICE kernel file, designed
to be accessed using NAIF Tool kit software. Contact your flight
project representative or the NAIF node of the Planetary Data System
if you wish to obtain a copy of the NAIF Toolkit. The Tool kit
consi sts of portable FORTRAN 77 code and extensive user
docunent ati on.”

END_OBJECT = SPI CE_KERNEL
END
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A.27 SHREADSHEET

The SPREADSHEET isanaturd storage format for data productsin whichthe datarows are sparsely
populated or field values have varidble lengths.

A SPREADSHEET definition describes a collection of logicaly uniform rows containing ASCII values
gored in variable-width fidds separated by fidd ddimiters. Each row within a SPREADSHEET has
the same number of fidds, in the same field order; and each field contains the samelogica content. By
definition, the SPREADSHEET object is used only to describe ASCII dataobjects. Therefore, it isnot
necessary to include the INTERCHANGE_FORMAT keyword within the object keyword list. The
rows and fields of the SPREADSHEET object provide a naturd correspondence to the rows and
columns of fixed-width tables. Each field is defined by a variable width FIEL D object (see section
A.14); the vaue of the FIELDS keyword is the total number of FIELD objects defined in the
SPREADSHEET. All SPREADSHEET objects have variable-length records and have rows delimited
by carriage-return line-feed (<CR><LF>) ASCII line termination characters.

A.27.1 Required Keywords

ROWS

ROW BYTES
FIELDS

FIELD DELIMITER

No oM

A.27.2 Optional Keywords

10. NAME
11. DESCRIPTION
12. PSDD

A.27.3 Required Objects

1. HELD

A.27.4 Optional Objects

None
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Notes:

1. TheRECORD_BYTESkeyword in theimplied file object definition of the PDS labe containing
a SPREADSHEET object definition should specify the actual number of bytesin the longest
record within the file being described. If the file contains severd components, this longest
record may not necessarily be in the SPREADSHEET.

2. The ROW_BY TES keyword within the SPREADSHEET object definition is used to specify
the maximum number of bytes that could be contained in arow in the SPREADSHEET object
(i.e. thesum of al the FIELD object BY TES vaues, plus the number of delimiters and quotation
marks, plusthe 2 bytesfor the <CR><LF> line termination).

A.27.5 Required SPREADSHEET Formats

The SPREADSHEET isan ASCII dataobject. Itsrecords contain fixed numbers of variable-length
fields and are delimited by carriage-return line-feed pairs. The FIELD deimiter can be COMMA,
SEMICOLON, TAB, or VERTICAL_BAR; subfields (if any) are ddimited by the same character.

The ASCII format makes the SPREADSHEET readable by both machines and humans. The relative
loss in human readability (compared to the TABLE object) is mitigated by more efficient storage,
especidly for sparsdly populated fidds.

Severd keywords take on specid meanings in the SPREADSHEET context. BYTES (and
ITEM_BYTES, if used) gives the maximum alowable number of bytesin the FIELD (ITEM).
ROW_BYTES s the maximum alowable number of bytesin the row, including ddimiters, quotation
marks, and the carriage-return line-feed pair. RECORD _TY PE within the implied parent file object is
aways STREAM. RECORD_BY TESwithin the implied file is the actud number of bytesin the longest
record, including the carriage-return line-feed pair. If the file contains more than the SPREADSHEET,
however, the longest record may not be a SPREADSHEET record.

A.27.6 Recommended SPREADSHEET Formats

The recommended format for SPREADSHEET objects is a comma-separated value format in which
gring fields are enclosed in double quotes. This format can be imported directly into many commercid
data management systems and spreadsheet gpplications.

The recommended file name extension for files containing SPREADSHEET objectsis CSV (eg.,

MYDATA.CSV), but the CSV extension does not necessarily imply that the field delimiter is
COMMA.

Example - Recommended SPREADSHEET
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The following example shows a sparse matrix described as a SPREADSHEET object. The longest
record is 85-bytes. Note that delimiters (double quotes and commas) and line terminators
(<CR><LF>) areincluded in the byte count for each record (RECORD_BY TES) and row

(ROW_BYTES).

Contents of file"MYDATA.CSV™:

2004- 03- 04T00:
2004- 03-04T00:
2004- 03-04T00:
2004- 03- 04TOO:
2004- 03- 04TOO:
2004- 03- 04TOO:
2004- 03- 04TOO:
2004- 03- 04TOO:
2004- 03- 04T00:
2004- 03-04T00:
2004- 03-04T00:
2004- 03- 04TOO:
2004- 03- 04TOO:
2004- 03- 04TOO:
2004- 03- 04TOO:
2004- 03- 04TOO:
2004- 03- 04T00:
2004- 03-04T00:
2004- 03-04T00:
2004- 03- 04TOO:

MYDATA. CSV

definition

is an exanpl e
within a PDS | abel .
(record 11) and this value is assigned to the RECORD BYTES keyword.

00:
00:
00:
00:
00:
00:
00:
00:
00:
00:
00:
00:
00:
00:
00:
00:
00:
00:
00:
00:

00.
01.
02.
03.
04.
05.
06.
07.
08.
09.
10.
15.
20.
25.
30.
35.
40.
45.
50.
55.

012, 0.
012, 0.
012, 0.
012, 0.
012, 0.
012, 0.
012, 0.
012, 0.
012, 0.
012, 0.
017, 4.
017, 4.
017, 4.
017, 4.
017, 4.
017, 4.
017, 4.
017, 4.
017, 4.
017, 4.

45, "
45, "
45, "
45, "
45, "
45, "
45,"
45,"
45, "
45, "
00, "
00, "
00, "
00, "
00, "
00, "
00, "
00, "
00, "
00, "

1*,0,,,1,,,-1,12,5,1,2,1,1,0, 1, 3, 1, O<CR><LF>
1*,1,,,1,,,6,9,15,8,7,2,1,1,0,0, 1, 0<CR><LF>
1*,2,,,5,,,25,15,10,4,2,1,1,1,1,0, 1, 1<CR><LF>
1*,1,,,1,,,2,4,8,3,1,1,1,1,1, 1, 0, O<CR><LF>
5",1,1,3,1,1,2,3,1,1,2,2,1,4,3,1,1,4,1, 1, O<CR><LF>
5",1,5,4,2,1,1,1,1,2,0,0,1,0,1,1,0,0, 0, 0, 0<CR><LF>
5",1,6,3,5,4,3,1,,0,1,1,1,1, 2, 1, l, 1, 3,1, 0<CR><LF>
6",,,,3,,,5.,1,,1,3,,2,3,,,,<CR<LF>
6",,,,,1,,,2,,1,,1,4,,1,2,,,,<CR><LF>
6",,,,1,,,,,1,11,,,1,,,,, <CR<LF>

11+,,,,, 8,15, 14, 21, 24, 18, 15, 10, 8, 9, 11, 6, -1, 9, 8, 6<CR><LF>
11-,,.,,, 8,12,17,35,20,12,5,1,2,1,1, 8,11, 7, 8, 6<CR><LF>
11",,,,,4,8,12,32,24,12,15,4,3,1,1,6, 7, 3,5, 2<CR><LF>
13",,,,,1,5,12,12,14,12,5,1,1,7, 2,4, ,,, <CR><LF>
3s',,,,,1,5,5,14,16,10,8,3,1,5,3,2,,,, <CR><LF>
13",,,,,1,2,3,2,19,43,21,17,4,8, 3,1, ,,, <CR><LF>
13",,,,,1,2,1,2,4,12,9,3,1,1,1,1,,,, <CR><LF>
3,,,,,1,3,1,-1,9,16,7,1,1,1,1, 2,,,, <CR><LF>
13,,,,,1,2,1,2,4,12,5,1,1,1,1,1,,,, <CR><LF>

13",,,,, 1,2,1,2,4,10,5,1,1,1,1,1,,,, <CR><LF>

data file described by a SPREADSHEET obj ect

The |l ongest record in this file is 85 hytes

However ,

records described by this SPREADSHEET definition could be as |ong as 163 bytes

(see exanpl e | abel

bel ow) .

The val ue assigned to the ROWBYTES keyword (163)

is the maxi mum possi ble row size (bytes) described by the SPREADSHEET obj ect
definition.

Byt es

23

8
10
60
60

Contents of file

PDS_VERSI ON_I D
RECORD_TYPE
RECORD_BYTES

Field
- Time (23)
- delimter + duration (7)
- delimter + quotes(2) + node string (7)
- delimter + electrons (59)
- delimter + ions (59)
- CR + LF
= ROW BYTES
" MYDATA. LBL":
= PDS3
= STREAM
= 85 /* Largest actual record in the file */
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FI LE_RECORDS
A SPREADSHEET

DATA SET_ID
SPACECRAFT_NANE

| NSTRUVENT _NAVE
TARGET_NAME
PRODUCT | D
PRODUCT_CREATI ON_TI ME
START_TI ME

STOP_TI ME

DESCRI PTI ON

OBJECT
ROWS
ROW BYTES
FI ELDS
FI ELD_DELI M TER

OBJECT
NANME
DATA _TYPE
FI ELD_NUMBER
BYTES
DESCRI PTI ON
END_OBJECT

OBJECT
NAME
FI ELD_NUMBER
BYTES
FORMAT
DATA_TYPE
UNI TS
DESCRI PTI ON
(seconds) . "
END_OBJECT

OBJECT
NANME
FI ELD_NUMBER
BYTES
FORMAT
DATA _TYPE
DESCRI PTI ON

END_OBJECT

OBJECT
NANME
FI ELD_NUMBER
BYTES
| TEMS
| TEM BYTES

20

" MYDATA. CSV"

" CO S- | NST- 2- DUMWY- DATA- V1. 0"

" CASSI NI ORBI TER"

"MY | NSTRUMENT"

{"SATURN', "SOLAR_W ND"}

" MYDATA. CSV"

2004- 08-04T11: 15: 00

2004- 03- 04T00: 00: 00. 012

2004- 03- 04T00: 00: 55. 017

"This file contains an exanple
sparse matri x data object (SPREADSHEET)."

SPREADSHEET

20

163 /* Size of |ongest possible row/
5

FI ELD

"TI ME"

TI ME

1

23

"Spacecraft event tinme (UT) for this data record."
FI ELD

FI ELD

" DURATI ON'

2

7

"F7.2"

"ASCl | _REAL"

" SECOND"

"Time interval over which counting was perforned

FI ELD

FI ELD

" MODE"

3

7 I* doesn’t count bytes occupied by doubl e quotes*/
NG

" CHARACTER"

"Scan node nanme. See the instrunment description for
a conplete list of scan node names and properties."”
FI ELD

FI ELD

"ELECTRON COUNTS"

4

59 /* Maximum bytes including itemdelimters */
10

5 /* Maxi mumitem bytes */
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FORMAT

DATA _TYPE

UNI TS

M SSI NG_CONSTANT
DESCRI PTI ON

END_OBJECT

OBJECT
NANME
FI ELD_NUMBER
BYTES
| TEMS
| TEM BYTES
FORMAT
DATA _TYPE
UNI TS
M SSI NG_CONSTANT
DESCRI PTI ON

END_OBJECT
END_OBJECT
END

Appendix A. PDS Data Object Definitions

" gn

"ASCl | _| NTEGER"

" COUNTS"

-1

"This field contains electron counts from channel s
E1- E10. Itens wi thout val ues indicate channels not
counted during the interval. Values of zero denote
counted channels in which no el ectrons were
detected. Values of -1 denote corrupted data,
excluded fromthe data file (counted, but val ue
undefined)."

FI ELD

FI ELD

"1 ON COUNTS"

5 /* 5th FIELD object in | abel */

59

10

5

") gn

"ASCl | _| NTEGER"

" COUNTS"

-1

"This field contains ion counts from channels D1-
D10. Itenms without values indicate channels not
counted during the interval. Values of zero
denote counted channels in which no ions were
detected. Values of -1 denote corrupted data,
excluded fromthe data file (counted, but val ue
undefined)."

FI ELD

SPREADSHEET



Appendix A. PDS Data Object Definitions A-103

A.28 TABLE

TABLEs are anaura storage format for collections of data from many insruments. They are often the
most effective way of storing much of the meta-data used to identify and describe instrument
observations.

The TABLE object isauniform collection of rows containing ASCII or binary values stored in columns,
The INTERCHANGE_FORMAT keyword is used to distinguish between TABLES containing only
ASCII columns and those containing binary data. The rows and columns of the TABLE object provide
anaura correspondence to the records and fields often defined in interface specifications for existing
data products. Each field is defined as a fixed-width COLUMN object; the value of the COLUMNS
keyword isthe total number of COLUMN objects defined in the labdl. All TABLE objects must have
fixed-width records.

Many variations on the basic TABLE object are possible with the addition of optiona keywords and/or
objects. While it is possible to create very complex row structures, these are often not the best choices
for archiva data products. Recommended ASCII and binary table formats are described and illustrated
below.

A.28.1 Keywords
A.28.1.1 Required Keywords

INTERCHANGE_FORMAT
ROWS

COLUMNS

ROW_BYTES

A wbdpE

A.28.1.2 Optional Keywords

NAME

DESCRIPTION
ROW_PREFIX_BYTES
ROW_SUFFIX_BYTES
TABLE_STORAGE_TYPE

s owdE

A.28.1.3 Required Objects

1. COLUMN
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A.28.1.4 Optional Objects

1. CONTAINER

A.28.2 ASCII vs. BINARY formats

ASCI|I tables provide the most portable format for access across awide variety of computer platforms.
They are also easily imported into a number of database management systems and spreadsheet
gpplications. For these reasons, the PDS recommends the use of ASCI| table formats whenever
possible for archive products.

ASCII formats are generdly less efficient for soring large quantities of numeric data. In addition, raw or
minimally processed data products and many pre-existing data products undergoing restoration are only
available in binary formatsWhere converson to an ASCII format is not cost effective or is otherwise
undesirable, BINARY table formats may be used.

A.28.3 Recommended ASCII TABLE Format

The recommended format for ASCIl TABLE filesis a comma- separated vaue format in which the
gring fields are enclosed in double quotes. ASCII tables must have fixed-length records and should use
cariage-returr/linefeed (KCR><LF>) ddimiters. Numeric fields are right-justified in the all otted space
and character fidlds are left-justified and blank padded on the right. This table format can be imported
directly into many commercid data management systems.

The fidd ddimiters and quotation marks must occur between the defined COLUMNS. That is, the
START_BYTE for astring column should not point to the opening quotation mark, but the first
character in thefidd itsdf. Smilarly, the BY TES vaues for the columns should not include the commas
at the end of the values. For example, atwelve character COLUMN called SPACECRAFT_NAME

would be represented in the table as” VOYAGER 1 " rather than " VOYAGER 1" or
"VOYAGER 1".

Thefollowing labd fragment illustrates the generd characteristics of the recommended ASCII TABLE
format for atable with 1000-byte records:

FI XED_LENGTH <€ 1000 » Record
1000 Row 1 CR|LF 1
Row2 |CR|ILF 2

RECORD_TYPE
RECORD_BYTES

OBJECT

= TABLE
| NTERCHANGE_FORMAT = ASCl |
ROW BYTES = 1000
END_OBJECT =

TABLE Rown |CBILF n
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A.28.3.1 Example- Recommended ASCII TABLE

Thefollowing exampleis an ASCII index table with 71-byte records. Note that for ASCI| tables, the
delimiters (double quotes and commas) and line terminators (KCR><LF>) are included in the byte
count for each record (RECORD_BY TES). In this example, the delimiters are dso included in the byte
count for each row (ROW_BYTES). The <CR><LF> characters have been placed in columns 70 and
71.

Note: The examplefollowingisan INDEX_TABLE, a specific type of (ASCII) TABLE
object. Two rows of numbers indicating the byte count (read verticaly) have been
added above the data file contents to facilitate comparison with the labd. These
rows would not gppear in the actud datafile.

Contents of file“INDEX.TAB”:

000000000111111111122222222223333333333444444444455555555556666666666 7 7
123456789012345678901234567890123456789012345678901234567890123456789 0 1

"F-M DR ","F-MDR. 40N286; 1 ","C", 42, 37,289, 282, "F40N286/ FRAME. LBL " <CR><LF>
"F-M DR ","F-MDR. 20N280; 1 ","C", 22, 17,283, 277,"F20N280/ FRAME. LBL " <CR><LF>
"F-M DR ","F-MDR. 20N286;1 ","C", 22, 17,289, 283, "F20N286/ FRAME. LBL " <CR><LF>
"F-M DR ","F-M DR O0ON279;1 ","R", 2, -2,281, 275, "FOON279/ FRAME. LBL " <CR><LF>
"F-M DR ","F-MDR. O5N290;1 ","C", 7, 2,292,286, "F05N290/ FRAME. LBL " <CR><LF>
"F-M DR ","F-MDR. 055279;1 ","R", -2, -7,281,275,"F05S5279/ FRAME. LBL " <CR><LF>
"F-M DR ","F-MDR. 105284;1 ","C", -7,-12,287, 281, "F10S284/ FRAME. LBL " <CR><LF>
"F-M DR ","F-MDR. 105290;1 ","R", -7,-12,292, 286, "F10S290/ FRAME. LBL " <CR><LF>
"F-M DR ","F-MDR. 155283;1 ","R",-12,-17, 286, 279, "F155S283/ FRAME. LBL " <CR><LF>
"F-M DR ","F-MDR. 155289;1 ","R",-12,-17, 291, 285, "F155289/ FRAME. LBL " <CR><LF>

Contents of file“INDEX.LBL":

PDS_VERSI ON_I D = PDS3
RECORD_TYPE = FI XED_LENGTH
RECORD_BYTES =71

FI LE_RECORDS = 10

N1 NDEX_TABLE = "1 NDEX. TAB"

DATA SET_ID = " MGN- V- RDRS- 5- M DR- FULL- RES- V1. 0"
VOLUME_I D = MG 7777

PRODUCT | D = "FM DR. XYZ"

SPACECRAFT_NAME = MAGELLAN

| NSTRUVENT _NANVE = "RADAR SYSTEM'

TARGET _NAME = VENUS

PRODUCT_CREATI ON_TI ME =

M SSI ON_PHASE _NAME = PRI MARY_M SSI ON

NOTE = "This table lists all MDRs on this
volunme. It also includes the |atitude and |ongitude range for each
M DR and the directory in which it is found."

1999-02- 23t 11: 15: 07
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OBJECT

| NTERCHANGE _FORNMAT
ROAS

COLUWNS

ROW BYTES

| NDEX_TYPE

OBJECT
NAME
DESCRI PTI ON

DATA_TYPE
START_BYTE
BYTES

END_OBJECT

OBJECT
NAME
DESCRI PTI ON

DATA_TYPE
START_BYTE
BYTES

END_OBJECT

OBJECT
NAME
DESCRI PTI ON

DATA_TYPE
START_BYTE
BYTES

END_OBJECT

OBJECT
NAME
DESCRI PTI ON

DATA_TYPE
UNI T
START_BYTE
BYTES

END_OBJECT

OBJECT
NAME
DESCRI PTI ON

DATA_TYPE
UNI T
START_BYTE

| NDEX_TABLE
ASCI |

10

8

71

SI NGLE

COLUWN

PRODUCT_TYPE

"“Magel | an DVAT type code. Possible
val ues are F-M DR, Cl-M DR, C2-M DR
C3-M DR, and P-MDR. "

CHARACTER

2

7

COLUWN

COLUWN

PRODUCT_I D

“Magel | an DVMAT name of product.
Exanpl e: F-M DR 20N334; 1"

CHARACTER

12

16

COLUWN

COLUWN

SEAM_CORRECTI ON_TYPE

"A value of Cindicates that cross-
track seam correction has been appli
A val ue of R indicates that the
correction has not been applied."
CHARACTER

31

1

COLUWN

COLUWN
MAXI MUM_LATI TUDE

A-107

ed.

"Nort hernnpobst frame | atitude rounded to

the nearest degree."
| NTEGER

DEGREE

34

3

COLUWN

COLUWN
M NI MUM_LATI TUDE

"Sout hernnost frame | atitude rounded to

the nearest degree."
| NTEGER

DEGREE

38
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BYTES
END_OBJECT

OBJECT
NAME
DESCRI PTI ON

DATA_TYPE
UNI T
START_BYTE
BYTES

END_OBJECT

OBJECT
NAME
DESCRI PTI ON

DATA_TYPE
UNI T
START_BYTE
BYTES

END_OBJECT

OBJECT
NAME
DESCRI PTI ON

DATA_TYPE
START_BYTE
BYTES

END_OBJECT

END_OBJECT
END
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3
COLUWN

COLUWN

EASTERNMOST_LONG TUDE

"Easternnost frane |ongitude rounded to
the nearest degree."

| NTEGER

DEGREE

42

3

COLUWN

COLUWN

VWESTERNMOST_LONG TUDE

"Westernnost frane | ongitude rounded to
the nearest degree."

| NTEGER

DEGREE

46

3

COLUWN

COLUWN

FI LE_SPECI FI CATI ON_NAME

"Path and file name of frane table
relative to CD-ROM root directory."
CHARACTER

51

18

COLUWN

| NDEX_TABLE

A.28.4 Recommended BINARY TABLE Format

In the case of binary data, PDS recommends a format in which one data record corresponds to one
row in the TABLE. Unused or spare bytes embedded within the record should be defined as
COLUMNSs (one for each chunk of contiguous unused bytes) named “ SPARE”, both for completeness
and to facilitate automated vaidation of the TABLE structure. For reasons of portability,

BIT_COLUMN objects within COLUMNSs are discouraged. Whenever possible, bit fields should be
unpacked into more portable, byte-oriented COLUMNS.



Appendix A. PDS Data Object Definitions A-109

The following labd fragment illugtrates the generd characterigtics of the recommended binary TABLE
format for atable with 1000-byte records:
+—1000— Record

RECORD_TYPE = FI XED_LENGTH Row 1 1
OBJECT = TABLE

| NTERCHANGE_FORMAT = BI NARY

ROW BYTES = 1000
END_OBJECT = TABLE Row n n

A.284.1 Example- Recommended Binary TABLE

Following is an example of a binary table containing three columns of data. Thefirgt two columns
provide TIME information in both the PDS standard UTC format and an aternate format. The third
column provides uncdibrated instrument measurements for the given time. The binary dataresidein the
file“T890825.DAT”. The detached labd file, “T890825.LBL" providing the complete description, is
presented below.

Note: The labe makes use of aformat file, pointed to by the "'STRUCTURE keyword in
the TABLE definition, to include a st of column definitions held in an externd file
(“CRSDATA.FMT”). The contents of this structure file are aso provided below.

Thistable could dso be represented asa TIME_SERIES by the addition of
sampling parameter keywords to describe the row-to-row variation in the table.

Contents of |abd file “T890825.DAT”:

byte 1 8 9 3233 36 Record
Row 1 1

C TIME PDS TIME D1
RATE

Row 350 350

Contents of |abdl file “T890825.LBL":
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PDS_VERSI ON_| D = PDS3

/* File Characteristic Keywords */

RECORD_TYPE = FI XED_LENGTH
RECORD_BYTES = 36

FI LE_RECORDS = 350
HARDWARE_MODEL_| D = "SUN SPARC STATI ON"
OPERATI NG_SYSTEM | D = "SUN OS 4.1.1"

/* Data Object Pointers */
ATABLE = "T890825. DAT"

/* ldentification Keywords */

DATA SET ID = "V&- N- CRS- 4- SUMM D1- 96SEC- V1. 0"
SPACECRAFT_NAME = "VOYAGER 2"
| NSTRUVENT _NAME = "COSM C RAY SYSTEM'
TARGET_NAME = NEPTUNE
START_TI ME = 1989-08-25T00: 00: 00. 000
STOP_TI ME = 1989-08-25T09: 58: 02. 000
M SSI ON_PHASE_NAME = "NEPTUNE ENCOUNTER"
PRODUCT_I D = "T890825. DAT"
PRODUCT _CREATI ON_TI ME = " UNK"
SPACECRAFT_CLOCK_START_COUNT = " UNK"
SPACECRAFT_CLOCK_STOP_COUNT = " UNK"
/* Data Object Descriptions */
OBJECT = TABLE

| NTERCHANGE_FORMAT = Bl NARY

ROWS = 350

COLUWNS =3

ROW BYTES = 36

ANSTRUCTURE = " CRSDATA. FMT™"
END_OBJECT = TABLE
END

Contents of file*CRSDATA.FMT":

OBJECT = COLUWN

NAMVE = "C TI ME"

UNI T = " SECOND"'

DATA TYPE = REAL

START_BYTE =1

BYTES =8

M SSI NG = 1. 0E+32

DESCRI PTI ON = "Time colum. This field contains tine

in seconds after Jan 01, 1966 but is
di splayed in the default time formt
sel ected by the user."

END_OBJECT = COLUWN

OBJECT = COLUWN
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NAME = "PDS TI ME"

UNI' T = "TI ME"

DATA_TYPE = TI ME

START_BYTE =9

BYTES = 24

DESCRI PTI ON = "Date/Time string of the formyyyy-mm

ddThh: mm ss. sss such that the representation of the date Jan 01,
2000 00: 00: 00. 000 woul d be 2000-01-01T00: 00: 00. 000. "

END_OBJECT = COLUWN
OBJECT = COLUWN
NAME = "Dl RATE"
UNI' T = " COUNT"
DATA_TYPE = "REAL"
START_BYTE = 33
BYTES =4
M SSI NG = 1. 0E+32
DESCRI PTI ON = "The D1 rate is approxi mately

porportional to the omidirectional flux of electrons with kinetic
energy > ~1MeV. To obtain greater accuracy, the D1 calibration
tabl es (see catal og) should be applied."

END_OBJECT = COLUWN

A.285 TABLE Variations

This section addresses a number of variations on the basic TABLE object that arise when TABLES
gopear in datafiles with other objects, or where file attributes may differ from the one row-one record
approach recommended above. The variations discussed below are equaly applicable to the other
TABLE-type objects, SERIES and SPECTRUM.

This section is not intended to be a complete reference for TABLE variations. Within the following
examples, some illustrate a recommended data modelling gpproach, some illustrate dternate
gpproaches, and other examples are included solely to document their existence.

A.285.1 Record blockingin Fixed Length TABLES

In the PDS recommended TABLE format, ROW_BYTES = RECORD_BYTES, but thisis not dways
achievable. TABLEs are sometimes packaged with other objectsin the samefile, or binary data may
be blocked into larger records, both resulting in cases where the TABLE row size will not match thefile
record width.

Rowsin either ASCII or binary tables may be either larger or smadler than the physica record sze
specified by the RECORD_BY TES keyword. Regardless of the relationship between row size and
record Size, the RECORD_BY TES keyword must always reflect the actua physicd record sze, while
ROW_BYTES mug always bethelogica sze of one row of the TABLE object.
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A.285.1.1 Example: Binary Tablewith ROW_BYTES > RECORD_BYTES

Thefollowing labd fragment illustrates a case in which the record size of the file is smdler than the row
sze of the TABLE. Note that the table rows may straddle record boundaries. Each object, however,
must begin on arecord boundary, so it is possible that some padding may be required between the end
of the TABLE object and the beginning of the IMAGE object, depending on the number of rowsin the
TABLE:

RECORD_TYPE = FI XED_LENGTH <«—— 800 —» Record
RECORD_BYTES = 800 1
ATABLE =(" | MAGE. | MG, 1) Row1
Al MAGE =(" | MAGE. | MG, 7) | 2
OBJECT = TABLE = ~_Rowz 3
| NTERCHANGE_FORMAT = Bl NARY = , :
ROW BYTES = 1200 ' -
END_OBJECT = TABLE IMAGE
OBJECT = | MAGE
SAMPLES = 800
SAMPLE_BI TS =8
END_OBJECT = | MAGE
A.285.1.2 Example: ASCII Tablewith ROW_BYTES < RECORD_BYTES

The labd fragment below illustrates a case in which the row sze of the TABLE is smdler than the
record size of thefile. It isnot required that the file record sze be an integra multiple of the table row
sze, asillugtrated above, table rows may straddle record boundaries. Also as above, it is possible that
some padding will be required to ensure that the subsequent SERIES object begins on arecord
boundary.

RECORD_TYPE = FI XED_LENGTH

RECORD_BYTES = 800

ATABLE = (" EXAMPLE. TAB", 1)

ASERI ES = ("EXAMPLE. TAB", 1214)

OBJECT = TABLE Row1 ‘GFﬂ LFLFtowz LCH‘ LF
| NTERCHANGE_FORVAT = ASCI | - - -4 L L
ROW BYTES = 400

END_OBJECT = TABLE

OBJECT = SERI ES TABLE

SERIES
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| NTERCHANGE_FORMAT = ASC |
ROW BYTES = 800
ENiD._.(BJ ECT = SERI ES
A.285.1.3 Example: Binary Tablewith ROW_BYTES < RECORD_BYTES

It is often the case that a data object such asa TABLE is preceeded by a header containing
observationd parameters or, as frequently happens with TABLES, a set of column headings. The labe
below illugtrates a case in which a HEADER object containing asingle 500-byte row preceeds a
TABLE having 1032- byte records. Thefileis physicaly blocked into records of 32,500 bytes. Note
that in this case the HEADER record is not padded out to the full block size. Instead, a byte offset
(rather than arecord offset) is used to indicate the start of the TABLE object. (This example dso
includes COLUMN definitions contained in an externd format file, afragment of the contents of which
is aso shown below, following the labdl.)

32492
HEADER | Row1 | @ A J Row31| R 1
Row 32 2
TABLE
Row 1425@ 46
e 32500 -
PDS_VERSI ON_I D = PDS3
/* FI LE CHARACTERI STI CS */
RECORD_TYPE = FI XED_LENGTH
RECORD_BYTES = 32500
FI LE_RECORDS = 46
"HEADER = ("ADF01141.3",1)
ATABLE = ("ADF01141. 3", 501<BYTES>)
/* | DENTI FI CATI ON KEYWORDS */
DATA_SET_I D = "MGN- V- RDRS- 5- CDR- ALT/ RAD- V1. 0"
PRODUCT_I D = "ADF01141. 3"
TARGET_NAME = VENUS
SPACECRAFT_NAME = MAGELLAN

I NSTRUMENT_

NANME "RADAR SYSTEM'
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M SSI ON_PHASE_NAME = PRI MARY_M SSI ON
PRODUCT_CREATI ON_TI ME = 1991-07-23T06: 16: 02. 000
ORBI T_NUMBER = 1141

START_TI ME = UNK

STOP_TI ME = UNK
SPACECRAFT_CLOCK_START_COUNT = UNK
SPACECRAFT_CLOCK_STOP_COUNT = UNK

HARDWARE_VERSI ON_I D = 01

SOFTWARE_VERSI ON_I D = 02

UPLOAD | D = MD356N

NAVI GATI ON_SOLUTI ON_I D = "ID = M361-12 "

DESCRI PTI ON = "This file contains binary records

describing, in time order, each altinmeter footprint nmeasured
during an orbit of the Magellan radar nmapper."

/* DATA OBJECT DEFI NI TI ON DESCRI PTI ONS */

OBJECT = HEADER
HEADER_TYPE = SFDU
BYTES = 500

END_OBJECT = HEADER

OBJECT = TABLE

| NTERCHANGE_FORMAT = BI NARY

ROWS = 1425

COLUMNS = 40

ROW BYTES = 1032

ASTRUCTURE = " ADFTBL. FMT™"

END_OBJECT = TABLE

END

Contents of format file"ADFTBL.FMT":

OBJECT = COLUWN

NAVE = SFDU LABEL_AND LENGTH

START_BYTE =1

DATA TYPE = CHARACTER

BYTES = 20

UNI T = "NA"

DESCRI PTI ON = "The SFDU_| abel _and_| engt h el enent
identifies the | abel and I ength of the Standard Format Data Unit
(SFDU) . "

END_OBJECT = COLUWN

OBJECT = COLUWN

NANVE = FOOTPRI NT_NUMBER

START_BYTE =21

DATA TYPE = LSB_| NTEGER

BYTES =4

UNI T = "NA"

DESCRI PTI ON = "The footprint_nunber elenment provides a

signed integer value. The altinetry and radionetry processing
program assigns footprint O to that observed at nadir at periapsis.
The remaining footprints are |ocated al ong the spacecraft nadir
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track, with a separation that depends on the Doppler resol ution of
the altineter at the epoch at which that footprint is observed. Pre-

periapsis footprints will be assigned negative nunbers, post-
periapsis footprints will be assigned positive ones. A |loss of
several consecutive burst records fromthe ALT-EDR will result in
m ssing footprint nunbers.”
END_OBJECT = COLUWN
OBJECT = COLUWN
NAME = DERI VED_THRESH _DETECTOR_| NDEX
START_BYTE = 1001
DATA_TYPE = LSB_UNSI GNED_I NTEGER
BYTES =4
UNI' T = "NA"
DESCRI PTI ON = "The derived_thresh_detector_index

el ement provides the value of the elenent in
range_sharp_echo_profile that satisfies the altinmeter threshold
detection algorithm representing the distance to the nearest object
in this radar footprint in units of 33.2 nmeters, nodulus a 10.02
kil ometer altinmeter range anmbiguity."

END_OBJECT = COLUWN

A.285.1.4 Example: PDS Recommended Method for Dealing with Odd-Sized Headers

The preceding format may be difficult to dedl with in some cases because of the odd-sized header
preceeding the TABLE object. The recommended approach to this Situation is pad the HEADER
object out to an integra multiple of the TABLE row sze, and then let RECORD _BYTES =
ROW_BY TES. Modifying the above case accordingly would yield the following:

<+—— 1032 —= Record

HEADER FNYNN) 1
Row 1 2
| _Row2 | 3
ThBLE
RHow 1425 1426

RECORD_TYPE = FI XED_LENGTH
RECORD_BYTES = 1032
FI LE_RECORDS = 1426

~HEADER ("ADF01141. 3", 1)
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A"TABLE

("ADF01141. 3", 2)

/* DATA OBJECT DEFI NI TI ONS */

OBJECT = HEADER
HEADER_TYPE = SFDU
BYTES = 500
END_OBJECT
OBJECT = TABLE
| NTERCHANGE_FORMAT = Bl NARY
ROWS = 1425
COLUMWNS = 40
ROW BYTES = 1032
A STRUCTURE = " ADFTBL. FMT™"
END_OBJECT
END
A.28.5.1.5 Alternate Format — Rows on Record Boundaries

The following labd fragment and illustration provide a second dternate deta organization for the
preceding example. In this example, arecord size of 30,960 is used to hold 30 rows of the TABLE.
Again the 500-byte HEADER uses only a portion of the first record.

_Fiﬂ;1471 F_- TTAF:::EETIESN 49

RECORD_TYPE

= FI XED_LENGTH
RECORD_BYTES = 30960
FI LE_RECORDS = 49
"HEADER = ("ADF01141.3",1)
A"TABLE = ("ADF01141.3")
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/* DATA OBJECT DEFI NI TI ONS */

OBJECT = HEADER

HEADER TYPE = SFDU

BYTES = 500
END_OBJECT = HEADER
OBJECT = TABLE

| NTERCHANGE_FORMAT = Bl NARY

ROWS = 1425

COLUWNS = 40

ROW BYTES = 1032

A STRUCTURE = " ADFTBL. FMI"
END_OBJECT = TABLE

A.285.2 Multiple TABLEsIn a Single Data File

A sngle data product file may contain severd ASCII or binary TABLES, each with adifferent logica
row sze. There are severa possible approaches to formatting such a product file, depending on whether
the product contains binary or ASCII data. When dl the TABLEs in the data file are ASCI| tables there
are two formatting options: fixed-length file records or stream records. When binary data are involved,
evenif only inasngle TABLE, fixed-length file records are mandatory.

A.285.2.1 Example: Multiple ASCI| tables— Fixed-Length Records

In the case of aseries of ASCII TABLE objects with varying ROW_BY TES vaues, afixed-length
record file may be generated by padding al rows of dl TABLES out to the length of the longest rows by
adding blank characters between the end of the lass COLUMN and the <CR><LF> record ddimiters.

When this approach isused, RECORD_TYPE isFIXED_LENGTH and RECORD _BYTES =

ROW _BYTES.
<— 500 —»—200 —>»
I | |
RECORD TYPE = FI XED_LENGTH | Lo
RECORD_BYTES = 1000 | Lo
- A_TABLE Sparel §1
_ |
OBJECT = A _TABLE L
| NTERCHANGE FORMAT = ASCI | I Lo
ROW BYTES = 1000 | Lo
END_OBJECT = A _TABLE : :
_ | |
OBI] EI'CF:ERCI—MNGE FORWAT = ié;ﬁ:BLE B_TABLE E' -
— - I
ROW BYTES = 1000 ¢
END_OBJECT = B_TABLE ¥ |

«— 1000 ——>»

Note that each TABLE object has the same value of ROW_BY TES, even though in the smaller table
the rightmogt byteswill be ignored. Alternatdly, the filler bytes may be documented as
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ROW_SUFFIX_BYTES. Say, for example, that in the above case B_TABLE only required 780 bytes
for its rows. The following definition for B_ TABLE marks the last 220 bytes of each row as suffix bytes

OBJECT = B_TABLE
| NTERCHANGE _FORMAT = ASCl |
ROW BYTES = 780
ROW SUFFI X_BYTES = 220
A.285.2.2 END_OBJECT =B _TABLE
A.285.2.2 Example: Multiple ASCI| tables — Stream Records

Sometimes padding TABLE records out to a common fixed length crestes more problems than it
solves. When thisis true each TABLE should retain its own ROW_BY TES vaue, without padding, and
the file RECORD_TYPE is set to STREAM. RECORD_BY TES should be omitted. The following
labd fragment illustrates this Stuation.

-« 802 >
RECORD TYPE = STREAM : :
!y
OBJECT = A TABLE A TABLE' S
| NTERCHANGE_ FORMAT = ASCI | Pl
ROW BYTES = 802 -
. ] T
END_OBJECT = A TABLE |
| |
OBJECT = B_TABLE T w
| NTERCHANGE_FORMAT = ASCI | B_TABLE el v
ROW BYTES = 1000 Lo
. I |
END_OBJECT = B_TABLE S
«— 1000 ———>
A.285.2.3 Example: Multiple Binary Tables — Fixed-Length Records
When binary data are involved the file records must be fixed-length. The -——fB00 —==—200—

records of the smaler TABLE(S) are padded, usudly with null characters, 1

out to the maximum ROW_BY TES vaue in the file. The padding bytes are |
acocounted for in the TABLE definition usng one of two methods: ether by A_TABLE : Spare
defininga COLUMN cdled “SPARE” to define the number and location of .

these spare bytes, or by using the ROW_SUFFIX_BY TES keyword, asin !

the case of multiple ASCII tables. In the following example, the firgt table,
A_TABLE, hasalogica row length of 800 bytes. Each row has been

B_TAELE

- {000 —*
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padded out to 1000 bytes, the length of the B_ TABLE rows, with a 200- byte SPARE column:
RECORD_TYPE FI XED_LENGTH

RECORD BYTES 1000
OBJECT = A _TABLE
| NTERCHANGE _FORNMAT = BI NARY
ROW BYTES = 1000
OBJECT = COLUWN
NANE = "TIME TAG'
DATA_TYPE = TIME
START_BYTE =1
BYTES = 23
END_OBJECT = COLUWN
OBJECT = COLUWN
NANE = " SPARE"
DATA_TYPE = "N A"
START_BYTE = 801
BYTES = 200
END_OBJECT = COLUWN
END_OBJECT = A _TABLE
OBJECT = B_TABLE
| NTERCHANGE _FORNMAT = BI NARY
ROW BYTES = 1000
END_OBJECT = B_TABLE

A.285.3 ROW_PREFIX or ROW_SUFFIX Use
ROW_PREFIX_BYTES and ROW_SUFFX_BYTES are provided for deding with two Stuations

1. WhenaTABLE object isstored in pardld with another data object, frequently an IMAGE. In
this case, each physical record of the file contains a TABLE row as one part of the record and
an IMAGE line asthe other part.

2. When aTABLE has had each of its rows padded out to afixed length larger than the logicdl
row sze of thetable.

Each method isillustrated below.

A.285.3.1 Example: Parallel TABLE and | MAGE objects

Thefollowing labd fragment illudtrates afile with fixed-length records, each of which contains one row
of a TABLE data object and one line of an IMAGE object. Thisisacommon format for providing
ancillary information applicable to each IMAGE line. In the TABLE object the bytes belonging to the
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IMAGE are accounted for as ROW_SUFFIX_BYTES. In the IMAGE object the bytes belonging to
the TABLE row are accounted for as

LINE PREFIX_BYTES.
_ — - 900 = =— 200 —= Record

RECORD_TYPE = FI XED_LENGTH Row 1 Line 1 1
RECORD_BYTES = 1000
OBJECT = TABLE IMAGE

| NTERCHANGE_FORMAT = Bl NARY

ROW BYTES = 200 PREFIX

ROW SUFFI X_BYTES = 800 IMAGE
END_OBJECT = TABLE TABLE
OBJECT = | MAGE

LI NE_SAMPLES = 800

SAMPLE_BI TS = 8

LI NE_PREFI X_BYTES = 200 i

S - Row 800| Line 800 800
END_OBJECT = | MAGE —

Note that in each object the total size of the logica record plus dl prefix and suffix bytesis equd to the
filerecord sze. That is

RECORD_BYTES = ROW_BYTES + ROW_PREFX_BYTES + ROW_SUFFX_BYTES
ad

RECORD_BYTES= (LINE_SAMPLES* SAMPLE_BITS/ 8) + ROW_PREFIX_BYTES +
ROW_SUFFIX_BYTES

A.2854 CONTAINER Object use

Complex TABLEs may contain a set of columns of different data types which repeat a number of times
inthe row. In this case a CONTAINER object, which groups a set of inhomogeneous COLUMN
objects, may be used to provide a single definition for the repesting group. Section A.8 containsan
example of a TABLE object which makes use of a CONTAINER object.

A.2855 Guiddinesfor SPARE fields

Some TABLE objects contain spare bytes embedded in the record but not included in any COLUMN
object definition. They may be there for spacing or aignment purposes, or they may have been reserved
in the origina data record for future use. Regardless of their origin, PDS recommends that al such spare
bytes be documented as COLUMNSs in the TABLE definition in the interests of documentation and
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vaidation. Spare bytes may beincluded in both binary and ASCII table objects. Guiddinesfor deding
with spare bytes in both cases follow.

A.285.6 SPARE fields- Binary Tables

The following guiddines gpply to spare byte fidlds in binary table objects.

Embedded spare fidlds must be explicitly defined in COLUMN objects, except when the spare
field appears a the beginning or end of arow where ROW_PREFIX_BYTES or
ROW_SUFFIX_BYTESis used.

Spare COLUMNSs must have DATA_TYPE =“N/A”.
Multiple spare COLUMNs may dl specify NAME =*“SPARE”.
Spare bytes may occur as prefix or suffix bytesin the rows.

Prefix or suffix spares may be identified either with a spare COLUMN object or by use of
ROW_PREFIX_BYTES or ROW_SUFFIX_BYTES

The following examples illugtrate the various Stuations.

A.285.6.1 Example: SPARE field embedded in a Binary TABLE

In the following label fragment, a gpare column defines a series of bytes reserved for future usein the
middle of the data record:

RECORD_TYPE = FI XED_LENGTH
RECORD_BYTES = 1000 Columni. .. I I a9
[ [
OBJECT = TABLE TABL! :E
| NTERCHANGE_FORMAT = BI NARY I |
ROW BYTES = 1000 | % |
COLUMNS = 99 | 8
1w |
[ [
NAME = SPARE | |
COLUMN_NUVBER - 87 :
START_BYTE = 793 ~— 800 50
BYTES =21 -— 1000 —
DATA_TYPE = "N A"
DESCRI PTI ON = "Reserved for future user by M ssion Ops."
END_OBJECT - COLUMN
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END_OBJECT = TABLE

A.28.5.6.2 Example: Sparesat end of a Binary TABLE — Explicit 'SPARE' Column

Inthis label fragment, spare bytes have beenincluded on the end of each record of the table. These
bytes are described as an additional COLUMN at the end of the record.

RECORD_TYPE = FI XED_LENGTH
RECORD BYTES = 1000
Column 1 see 99
OBJECT = TABLE |
| NTERCHANGE_FORMAT = BI NARY |
ROW BYTES = 1000
COLUWNS = 99 |
TABLE |
L
OBJECT = COLUWN | o
COLUMN_NUMBER =1 | E
NANE = "TI ME TAG'
| )
END_OBJECT |
. |
OBJECT = COLUWN I
COLUMN_NUMBER = 99
NANE = SPARE 20
BYTES = 20 4—1000—p
DATA TYPE = "N A"
START_BYTE = 981
END_OBJECT = COLUWN
END_OBJECT = TABLE
A.28.5.6.3 Example: Sparesat end of a Binary TABLE - ROW_SUFFIX_BYTES use

This fragment illugtrates the same physicd file layout as the previous example, but in this case the spare

bytes are defined usng the ROW_SUFFIX_BY TES keyword, rather
than defining an additional spare COLUMN. Columnt «-- 9]3
|
|
RECORD_TYPE = FI XED_LENGTH TABLE |iT
RECORD_BYTES = 1000 5
L , @
=
3
(e
|
|
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OBJECT = TABLE
| NTERCHANGE_FORMAT = BI NARY
ROW BYTES = 980
ROW SUFFI X_BYTES = 20
COLUMNS = 98

END_OBJECT = TABLE

A.28.5.7 SPARE fields- ASCII Tableswith Fixed Length Records

In ASCII tables, fidld ddimiters () and (,) and the <CR><LF> pair are consdered part of the data,
even though the COLUMN objects attributes do not include them. Spare bytesin ASCII tables may
contain only the blank character (ASCII decima code 32). The following guidelines apply to spare byte
fiddsin ASCII table objects:

Embedded spares are not alowed.

Spares are dlowed at the end of each row of data.

The <CR><LF> follows the spare data.

There are no delimiters (commas or quotes) surrounding the spares.

Spares at the end of the data can beignored (like field ddimiters and <CR><LF>) or they can
be identified

(1) inthe Table DESCRIPTION; or

(2) by usng ROW_SUFFIX_BYTES (note that these bytes should not be included in the
vaue of ROW BYTES)

A.285.7.1 Example- SPARE field at end of ASCIl TABLE - Table description note
RECORD_TYPE = FI XED_LENGTH I 1000 I
RECORD_BYTES = 1000 I
- [

OBJECT = TABLE |
| NTERCHANGE_FORMAT = ASCI | |
ROW BYTES = 1000 |

- TABLE |Spare |54

DECRI PTI ON ="This table contai ns 980 !
bytes of table data followed by 18 bytes of |

bl ank spares. Bytes 999 and 1000 contain the |
<CR><LF> pair." |

d— 980 —-4— 13 =
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A.285.7.2 Example- Sparesat end of a ASCII TABLE - ROW_SUFFIX use
4—980—» «—20—»
|
RECORD_TYPE = FI XED_LENGTH |
RECORD_BYTES = 1000 |
- |
OBJECT = TABLE |
| NTERCHANGE_FORMAT = ASCI | TABLE |Spare &%
ROW BYTES = 980
ROW SUFFI X_BYTES = 20 |
- |
DECRI PTI ON ="This table contains |
980 bytes of table data foll owed by 20
byt es of spare data of which the |ast |
two bytes, bytes 999 and 1000, contain
the <CR><LF> pair."
END_OBJECT = TABLE HOW—SUFH}{

A.28.5.8 SPARE fields- ASCII Tableswith STREAM Records

Spare fields are not used with ASCII Tablesin STREAM record formats. In STREAM files, the last
data fidd explicitly defined witha COLUMN object is followed immediately by the <CR><LF> pair.
Since there is no use for spares at the end of the data, and embedded spares are not alowed in ASCI|
tables, spares are not applicable here.
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A.29 TEXT

The TEXT object describes afile which contains plain text. It is most often used in an atached label, s0
that the text beginsimmediately after the END Statement of the labdl. PDS recommends that TEXT
objects contain no pecia formatting characters, with the exception of the carriage returrvline feed
sequence and the page break. Tab characters are discouraged, since they are interpreted differently by
different programs.

Use of the carriage-return/line-feed sequence (KCR><LF>) isrequired for cross-platform support.
PDS further recommends that text lines be limited to 80 characters, with delimiters, to facilitate visua
ingpection and printing of text files.

NOTE: The TEXT object is most often used for files describing the contents of an archive volume or
the contents of a directory, such as AAREADME.TXT, DOCINFO.TXT, VOLINFO.TXT,
SOFTINFO.TXT, etc. Thesefilesmust bein plain, unmarked ASCII text and dways have afile
extenson of “.TXT”. Documentation filesthat arein plain ASCII text, on the other hand, must be

described using the DOCUMENT object. (See the definition of the DOCUMENT Object in Section
A.12)

Therequired NOTE field should provide a brief introduction to the TEXT.

A.29.1 Required Keywords

1. NOTE
2. PUBLICATION_DATE

A.29.2 Optional Keywords

1. INTERCHANGE_FORMAT

A.29.3 Required Objects

None

A.29.4 Optional Objects

None
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A.29.5 Example

The example below isaportion of an AAREADME.TXT file.

PDS_VERSI ON | D = PDS3
RECORD _TYPE = STREAM
OBJECT = TEXT
PUBLI CATI ON_DATE = 1991- 05-28
NOTE = "Introduction to this CD ROM vol une."
END OBJECT = TEXT
END

GEOLOG C REMOTE SENSI NG FI ELD EXPERI MENT

This set of conpact read-only optical disks (CD-ROVs) contains a data
col l ection acquired by ground-based and airborne instrunments during the
Geol ogi ¢ Renpte Sensing Field Experinent (GRSFE). Extensive
docunentation is also included. GCRSFE took place in July, Septenber,
and Cctober, 1989, in the southern Mjave Desert, Death Valley, and the
Lunar Crater Vol canic Field, Nevada. The purpose of these CD-ROMs is to
make avail able in a conpact form through the Planetary Data System (PDS)
a collection of relevant data to conduct anal yses in preparation for the
Earth Observing System (ECS), Mars Observer (MJ, and other m ssions.
The generation of this set of CD ROVs was sponsored by the NASA

Pl anet ary Geol ogy and Ceophysics Program the Planetary Data System
(PDS) and the Pilot Land Data System (PLDS).

Thi s AAREADME. TXT file is one of the two nondirectory files located in
the top level directory of each CD-ROM volune in this collection. The
other file, VOLDESC. CAT, contains an overview of the data sets on these
CD-ROVs and is witten in a format that is designed for access hy
conmputers. These two files appear on every volunme in the collection.
Al other files on the CD-ROVs are located in directories below the top
l evel directory ....
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A.30 VOLUME

The VOLUME object describes a physica or logica unit used to Store or distribute data products (e.g.,
amagnetic tape, CD-ROM disk, or floppy disk) that contain directories and files. The directories and
files may include documentation, software, cdibration and geometry information as well as the actud
science data.

A.30.1 Required Keywords

8. DATA_SET ID

9. DESCRIPTION

10. MEDIUM_TYPE

11. PUBLICATION_DATE
12. VOLUME_FORMAT

13. VOLUME_ID

14. VOLUME_NAME

15. VOLUME_SERIES NAME
16. VOLUME_SET NAME
17. VOLUME_SET_ID

18. VOLUME_VERSION_ID
19. VOLUMES

A.30.2 Optional Keywords

13. BLOCK_BYTES

14. DATA_SET_COLLECTION_ID
15. FILES

16. HARDWARE_MODEL_|D

17. LOGICAL_VOLUMES

18. LOGICAL_VOLUME_PATH_NAME
19. MEDIUM_FORMAT

20. NOTE

21. OPERATING_SYSTEM_ID

22. PRODUCT TYPE

23. TRANSFER_COMMAND_TEXT
24. VOLUME_INSERT TEXT

A.30.3 Required Objects
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2. CATALOG
3. DATA_PRODUCER

Appendix A. PDS Data Object Definitions
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A.30.4 Optional Objects

2. DIRECTORY
3. FILE
4. DATA_SUPPLIER

A.30.5 Examplel (Typical CD-ROM Volume)

Pease see the example in Section A.5 for the CATALOG object.

A.30.6 Example 2 (Tape Volume)

Thefollowing VOLUME object example shows how directories and files are detailed when avolume is
stored on an ANSI tape for transfer. Thisform of the VOLUME object should be used when
transferring volumes of data on mediawhich do not support hierarchica directory structures (for
example, when submitting a volume of data on tape for premastering to CDROM). The
VOLDESC.CAT filewill contain the sandard volume keywords, but the values of MEDIUM_TY PE,
MEDIUM_FORMAT and VOLUME_FORMAT should indicate that the volume is stored on tape.

In this example two files are defined in the root directory of the volume, VOLDESC.CAT and
AAREADME.TXT. Thefirsd DIRECTORY object defines the CATALOG directory which contains
meta data in the included, individua catalog objects. In this example, dl the catalog objects are
concatenated into asingle file, CATALOG.CAT. The second DIRECTORY object defines an INDEX
subdirectory containing three files: INDXINFO.TXT, INDEX.LBL, and INDEX.TAB. Following that
directory, the first data directory is defined. Note that the SEQUENCE _NUMBER keyword indicates
the physical sequence of the files on the tape volume.

PDS_VERSI ON_I D
OBJECT
VOLUME_SERI ES_NAME
VOLUME_SET_NAME

PDS3

VOLUME

"M SSI ON TO MARS"

"MARS DI Gl TAL | MAGE MOSAI C AND DI Gl TAL
TERRAI N MODEL"
USA_NASA PDS VO 2001 _TO VO 2007

VOLUVE_SET_I D

VOLUMVES =7

VOLUNVE_NAME = "MDI M DTM VOLUVE 7: GLOBAL COVERAGE"
VOLUME_I D = VO _2007

VOLUME_VERSI ON_I D = "VERSI ON 1"

PUBL| CATI ON_DATE = 1992- 04- 01

DATA_SET_ID = "VOL/ VO2- M VI S- 5- DTM V1. 0"

MEDI UM _TYPE = "8-MM HELI CAL SCAN TAPE"

MEDI UM_FORMAT = "2 GB"

VOLUME_FORMAT = ANSI

HARDWARE_MODEL_| D = "VAX 11/ 750"

OPERATI NG_SYSTEM | D "VMS 4. 6"
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DESCRI PTI ON

Appendix A. PDS Data Object Definitions

= "This volume contains the Mars Digita
Terrain Model and Mosai cked Digital | nage Model covering the entire
pl anet at resolutions of 1/64 and 1/ 16 degree/pixel. The vol ume

al so contains Polar Stereographic projection files of the north and
south pole areas from80 to 90 degrees |atitude; Mars Shaded Reli ef
Airbrush Maps at 1/16 and 1/ 4 degree/pixel; a gazetteer of Mars
features; and a table of updated view ng geonetry files of the

Vi ki ng EDR i nages that conprise the MDIM™"

M SSI ON_NANE
SPACECRAFT_NANE
SPACECRAFT_| D

OBJECT
| NSTI TUTI ON_NANME
FACI LI TY_NAVE
FULL_NANE
DI SCI PLI NE_NAME
ADDRESS_TEXT

END_OBJECT

OBJECT
ACATALOG
END_OBJECT

OBJECT
FI LE_NAME
RECORD_TYPE
SEQUENCE_NUMBER
END_OBJECT

OBJECT
FI LE_NAME
RECORD_TYPE
SEQUENCE_NUMBER
END_OBJECT

OBJECT
NAME

OBJECT
FI LE_NAME
RECORD_TYPE

SEQUENCE_NUMBER

END_OBJECT
END_OBJECT

OBJECT
NAME

OBJECT

VI KI NG
{ VI KING_ORBI TER 1, VI KI NG_ORBI TER 2}
{ VoL, vor}

DATA_PRODUCER
"U S.GS. FLAGSTAFF"
"BRANCH OF ASTROGEOLOGY"
"Eric M Eliason"
"| MAGE PROCESSI NG'
"Branch of Astrogeol ogy
United States Ceol ogi cal Survey
2255 North Gemini Drive
Fl agstaff, Arizona. 86001 USA"
DATA_PRODUCER

CATALOG
" CATALCG. CAT"
CATALOG

FI LE
"VOLDESC. CAT"
STREAM

1

FI LE

FI LE

" AAREADME. TXT"
STREAM

2

FI LE

DI RECTORY
CATALOG

FI LE

" CATALCG. CAT"
STREAM

3

FI LE

DI RECTORY

DI RECTORY
DOCUMENT

FI LE
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FI LE_NAME
RECORD_TYPE
SEQUENCE_NUMBER
END_OBJECT

OBJECT
FI LE_NAME
RECORD_TYPE
SEQUENCE_NUMBER
END_OBJECT
END_OBJECT

OBJECT
NAME

OBJECT
FI LE_NAME
RECORD_TYPE
SEQUENCE_NUMBER
END_OBJECT

OBJECT
FI LE_NAME
RECORD_TYPE
SEQUENCE_NUMBER
END_OBJECT

OBJECT
FI LE_NAME
RECORD_TYPE
RECORD_BYTES
FI LE_RECORDS
SEQUENCE_NUMBER
END_OBJECT
END_OBJECT

OBJECT
NAME

OBJECT
FI LE_NAME
RECORD_TYPE
RECORD_BYTES
FI LE_RECORDS
SEQUENCE_NUMBER
END_OBJECT
END_OBJECT

END_OBJECT
END

A.30.7 Example 3 (Logica Volumesin an Archive Volume)

"VOLI NFO. TXT"
STREAM

4

FI LE

FI LE

" DOCI NFO. TXT"
STREAM

5

FI LE

DI RECTORY

DI RECTORY
I NDEX

FI LE

"I NDXI NFO. TXT"
STREAM

6

FI LE

FI LE

"1 NDEX. LBL"
STREAM

7

FI LE

FI LE

"1 NDEX. TAB"
FI XED_LENGTH
512

6822

8

FI LE

DI RECTORY

DI RECTORY
MGE0 0 NXXX

FI LE
"MGE0ONO12. | MG
FI XED_LENGTH
964

965

10

FI LE

DI RECTORY

VOLUME
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The following examplesilludrate the use of the VOLUME object in the top level and at the logica
volume level of an archive volume. Note that the VOLUME object isrequired at both levels.

In these examples, the CD-ROM s Structured as three separate logical volumes with root directories
named PPY/, UVY and RSY. An additiond SOFTWARE directory is supplied a volume root for use
with dl logicd volumes

A.30.7.1 Logical Volumes—Volume Object (root level)

The example below, illugtrates the use of the VOLUME object at the top level of aCD-ROM (i.e, a
physica volume) containing severd logica volumes. Note the values of the keywords DATA_SET ID,
LOGICAL_VOLUMES, and LOGICAL_VOLUME_PATH_NAME, which ligt the complete set of
vaues relevant to thisvolume.

PDS_VERSI ON_I D
OBJECT
VOLUNME_SERI ES_NANE
VOLUNME_SET_NANME

PDS3

VOLUME

"VOYAGERS TO THE OUTER PLANETS"
"PLANETARY RI NG OCCULTATI ONS FROM

VOYAGER'
VOLUME_SET_|I D = "USA_NASA PDS_VG 3001"

VOLUNES =1

MEDI UM TYPE = " CD- ROM'

VOLUNME_FORMAT = "1 SO 9660"

VOLUNME_NANE = "VOYAGER PPS/ UVS/ RSS RI NG OCCULTATI ONS"
VOLUME_| D = "VG_3001"

VOLUME_VERSI ON_I D = "VERSI ON 1"

PUBLI CATI ON_DATE = 1994- 03- 01

DATA SET_ID {"V&2- SR/ UR/ NR- PPS- 4- OCC- V1. 0"
"VGL/ V&2- SR/ UR/ NR- UDVS- 4- OCC- V.
"VGLl/ V&2- SR/ UR/ NR- RSS- 4- OCC- V.

3

1.0",

1.0"}

LOG CAL_VOLUMES

LOG CAL_VOLUME_PATH_NAME {"PPS/", "UWVWS/", "RSS/"}

DESCRI PTI ON "This volume contains the Voyager 1 and
Voyager 2 PPS/ UVS/ RSS ring occultation and ODR data sets. Included
are data files at a variety of levels of processing, plus ancillary
geonetry, calibration and trajectory files plus software and
docunent ati on.

This CD-ROMis structured as three separate |ogical volunes with
root directories nanmed PPS/, UVS/ and RSS/. An additional SOFTWARE

directory is supplied at volume root for use with all |ogical
vol umes. "
OBJECT

DATA PRODUCER
"PDS RI NGS NODE"
"NASA AVES RESEARCH CENTER"
"DR. MARK R. SHOWALTER"
"Rl NGS"
"Mail Stop 245-3
NASA Anes Research Center
Mof fett Field, CA 94035-1000"

| NSTI TUTI ON_NAME
FACI LI TY_NANE
FULL_NAME

DI SCI PLI NE_NAVE
ADDRESS_TEXT
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END_OBJECT

OBJECT
DATA SET_ID
LOGI CAL_VOLUVE_PATH_NANME
AM SSI ON_CATALOG
Al NSTRUMENT _HOST_CATALOG
Al NSTRUMENT _CATALOG
ADATA_SET_COLLECTI ON_CATALOG
ADATA_SET_CATALOG
AREFERENCE_CATALOG
APERSONNEL_CATALOG
END_OBJECT

OBJECT
DATA SET_ID
LOGI CAL_VOLUVE_PATH_NANME
AM SSI ON_CATALOG
Al NSTRUMENT _HOST_CATALOG
Al NSTRUMENT _CATALOG
ADATA_SET_COLLECTI ON_CATALOG
ADATA_SET_CATALOG
AREFERENCE_CATALOG
APERSONNEL_CATALOG
END_OBJECT

OBJECT
DATA SET_ID
LOGI CAL_VOLUVE_PATH_NANME
AM SSI ON_CATALOG
Al NSTRUMENT _HOST_CATALOG
Al NSTRUMENT _CATALOG
ADATA_SET_COLLECTI ON_CATALOG
ADATA_SET_CATALOG
AREFERENCE_CATALOG
APERSONNEL_CATALOG
END_OBJECT

END_OBJECT
END

DATA_PRODUCER

CATALOG

"V@&2- SR/ UR/ NR- PPS- 4- OCC- V1. 0"
"PPS/ "

"M SSI ON. CAT"
"I NSTHOST. CAT"
"I NST. CAT"
"DSCOLL. CAT"

" DATASET. CAT"
" REF. CAT"

" PERSON. CAT"
CATALOG

CATALOG

"VGL/ V&2- SR/ UR/ NR- UVS- 4- OCC- V1.
"UVS/ "

"M SSI ON. CAT"
"I NSTHOST. CAT"
"I NST. CAT"
"DSCOLL. CAT"

" DATASET. CAT"
" REF. CAT"

" PERSON. CAT"
CATALOG

CATALOG

"VGLl/ V&2- SR/ UR/ NR- RSS- 4- OCC- V1.
"RSS/ "

"M SSI ON. CAT"
"I NSTHOST. CAT"
"I NST. CAT"
"DSCOLL. CAT"

" DATASET. CAT"
" REF. CAT"

" PERSON. CAT"
CATALOG

VOLUME

A.30.7.2 Logical Volumes— Volume Object (logical volume level)

The example below, illustrates the use of the VOLUME object required at the top level of alogica

volume. Notethat at thislevel the keywords DATA_SET ID and
LOGICAL_VOLUME_PATH_NAME contain only the vaues relevant to the current logica volume.
Also, the keyword LOGICAL_VOLUMES does not appear here.

PDS_VERSI ON_I D
OBJECT
VOLUME_SERI ES_NANME
VOLUME_SET_NAME

PDS3

VOLUME

"VOYAGERS TO THE OUTER PLANETS"
"PLANETARY RI NG OCCULTATI ONS

Ou

Ou
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VOLUME_SET_ I D
VOLUMES

MEDI UM _TYPE
VOLUME_FORMAT
VOLUNVE_NANE

VOLUME_I D

VOLUME_VERSI ON_I| D

PUBLI CATI ON_DATE

DATA SET_I D

LOG CAL_VOLUME_PATH_NAME

DESCRI PTI ON
Voyager
a variety of
calibration

OBJECT
| NSTI TUTI ON_NANME
FACI LI TY_NAVE
FULL_NANE
DI SCI PLI NE_NAME
ADDRESS_TEXT

END_OBJECT

OBJECT
DATA SET_ID
LOGI CAL_VOLUVE_PATH_NANME
AM SSI ON_CATALOG
Al NSTRUMENT _HOST_CATALOG
Al NSTRUMENT _CATALOG
ADATA_SET_COLLECTI ON_CATALOG
ADATA_SET_CATALOG
AREFERENCE_CATALOG
APERSONNEL_CATALOG
END_OBJECT

END_OBJECT
END

2 PPS ring occultation data sets.
| evel s of processi
and trajectory files plus software and docunentation."

Appendix A. PDS Data Object Definitions

FROM VOYAGER"
"USA_NASA PDS VG 3001"
1
" CD- ROM'
"1 SO 9660"
"VOYAGER PPS/ UVS/ RSS RI NG
OCCULTATI ONS"
"VG_3001"
"VERSI ON 1"
1994-03-01
"V@&2- SR/ UR/ NR- PPS- 4- OCC- V1. 0"
"PPS/ "
"This logical volune contains the
Included are data files

ng, plus ancillary geonetry,

DATA PRODUCER

"PDS RI NGS NODE"

"NASA AVES RESEARCH CENTER"
"DR. MARK R SHOWALTER"

"Rl NGS"

“"Mail Stop 245-3

NASA Anes Research Center

Mof fett Field, CA 94035-1000"
DATA PRODUCER

CATALOG

"V@&2- SR/ UR/ NR- PPS- 4- OCC- V1. 0"
"PPS/ "

"M SSI ON. CAT"
"I NSTHOST. CAT"
"I NST. CAT"
"DSCOLL. CAT"

" DATASET. CAT"
" REF. CAT"

" PERSON. CAT"
CATALOG
VOLUME

at
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A

AAREADME.TXT, A-123
ALIAS object
definition, A-3
ARRAY object, A-1, A-37
definition, A-4
ASCII tables, A-103
AXIS ITEMS, A-4
AXIS NAME, A-81

| B I

BAND BIN, A-79

BAND_STORAGE _TYPE, A-66

BANDS, A-66

binary tables, A-106
gpare bytes, A-106

BIT_COLUMN object, A-18, A-106
definition, A-8

BIT_ELEMENT object, A-1
definition, A-11

BYTES, A-16, A-56, A-103

I

CATALOG object
definition, A-12
CHECKSUM, A-68
COLLECTION object, A-1, A-4, A-6, A-37
definition, A-15
COLUMN object, A-3, A-8, A-86, A-102
and CONTAINER, A-21
definition, A-16
vectors, A-16
CONTAINER object, A-16
definition, A-21
in TABLE, A-118

.o

dataobjects, A-1




A-2

ALIAS, A-3

ARRAY, A-4

BIT_COLUMN, A-8

BIT_ELEMENT, A-11

CATALOG, A-12

COLLECTION, A-15

COLUMN, A-16

CONTAINER, A-21

DATA_PRODUCER, A-28

DATA SUPPLIER, A-30

DIRECTORY, A-32

DOCUMENT, A-34

ELEMENT, A-37

FIELD, A-39

FILE, A-42

GAZETTEER TABLE, A-46

HEADER, A-56

HISTOGRAM, A-58

HISTORY, A-61

IMAGE, A-65, A-75

INDEX_TABLE, A-70

PALETTE, A-75

QUBE, A-78

SERIES, A-86

SPECTRUM, A-91

SPICE_KERNEL, A-94

SPREADSHEET, A-97

TABLE, A-102

TEXT, A-123

VOLUME, A-125
DATA_ PRODUCER object, A-30

definition, A-28
DATA_SET object, A-42
DATA SET ID, A-129, A-130
DATA_SUPPLIER object, A-28

definition, A-30
DIRECTORY object, A-126

definition, A-32
DOCINFO.TXT, A-123
document

ASCII verson, A-34
DOCUMENT object

definition, A-34

Appendix A. PDS Data Object Definitions
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documentation
filelabdling
DOCUMENT object, use of, A-34
documents
and DOCUMENT object, A-34

I E—————

ELEMENT object, A-1, A-6
definition, A-37

I

field ddimiters, A-121
FIELD object

definition, A-39

example, A-40, A-41

in SPREADSHEET, A-39
FILE object, A-32

definition, A-42

implicit, A-42

table of required and optiona € ements, A-43
FILE NAME, A-42
FILE STATE, A-79

.

GAZETTEER TABLE object
definition, A-46

GROUP
in HISTORY object, A-61
in QUBE, A-79

I

HEADER object, A-111
definition, A-56
HISTOGRAM object, A-79
definition, A-58
HISTORY object
and QUBE, A-79
definition, A-61
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I

IMAGE object, A-75, A-79

and PALETTE, A-75

definition, A-65

stored with TABLE object, A-118
IMAGE_MAP_PROJECTION object, A-79
INDEX_TABLE

contents, A-70
INDEX_TABLE object

definition, A-70
INDEX_TYPE, A-70
INTERCHANGE _FORMAT, A-102
SIS Software

QUBE object, A-78
ITEM_BITS, A-8
ITEM_BYTES, A-16
ITEM_OFFSET, A-8, A-16
ITEMS, A-8, A-16

-«

KERNEL_TYPE
table of file extensons, A-94

| L I

line terminators and ddimiters

Vis-a-vis byte counts in objects

excluson of line terminators and delimitersin objects, A-16

LINE DISPLAY _DIRECTION, A-66
LINE_PREFIX_BYTES, A-65
LINE_SAMPLES, A-65
LINE_SUFFIX_BYTES, A-65
LINES, A-65
LOGICAL_VOLUME_PATH_NAME, A-129, A-130
LOGICAL_VOLUMES, A-129, A-130

| M I

MAXIMUM_SAMPLING_PARAMETER, A-86
MEDIUM_FORMAT, A-126
MEDIUM_TY PE, A-126
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MINIMUM_SAMPLING_PARAMETER, A-86

I

NAIF Toolkit, A-94
NAME, A-42

%
object definitions

URL, A-1
objects. See data object, See catalog objects

I

PALETTE object, A-79
definition, A-75
PDS objects. See data objects, See catalog objects
prefix or suffix deta
in QUBE object, A-84
in TABLE object, A-118, A-122
primitive data objects, A-1
primitive objects
ARRAY, A-4
BIT_ELEMENT, A-11
COLLECTION, A-15
ELEMENT, A-37
PRODUCT _ID, A-95

| Q I

QUBE object
and HISTORY object, A-79
definition, A-78

. r |

RECORD BYTES, A-109

RECORD_TYPE, A-43

REPETITIONS, A-22

ROW_BYTES, A-109

ROW_PREFIX BYTES, A-65, A-87
use, A-117

ROW_SUFHX_BYTES, A-65
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use, A-117

s

SAMPLE, A-75
SAMPLE BITS, A-65
SAMPLE _DISPLAY_DIRECTION, A-66
SAMPLE _TYPE, A-65
sampling parameter data

in SERIES object, A-90
SAMPLING_PARAMETER_INTERVAL, A-86
SCALING_FACTOR, A-68
SEQUENCE_NUMBER, A-32, A-126
sequentia media, A-32
SERIES object, A-16, A-109

definition, A-86

TIME_SERIES, A-86
SERIES object

use of sparefidds
, A-122
SOFTINFO.TXT, A-123
SOURCE_PRODUCT 1D, A-94
gpare bytes, A-119
SPARE bytes, A-106
sparefieds

TABLE object
use of sparefidds
, A-122
usein TABLE, SPECTRUM and SERIES objects, A-122
SPECTRUM object, A-16, A-109
definition, A-91
SPECTRUM object

use of sparefidds
, A-122

SPICE kernds

labdling, A-94
SPICE system

kernd file extensons, A-94
SPICE_KERNEL object

definition, A-94



Appendix A. PDS Data Object Definitions A-7

SPREADSHEET object
CSV fileformat, A-98
definition, A-97
example, A-99
fidd ddimiters, A-98
formats, A-98
START _BYTE, A-4, A-15, A-37, A-103
START_TIME, A-86
STOP_TIME, A-86
STRUCTURE pointer, A-107

I

TABLE object, A-16, A-65, A-79
and CONTAINER, A-118
ASCII fidd ddimiters, A-121
ASCII tables, A-103
binary tables, A-106
definition, A-102
INDEX_TABLE, A-70
more than onein asnglefile, A-115
PALETTE, A-75
SERIES object, A-86
gpare bytes, A-119
SPARE bytes, A-106
SPECTRUM object, A-91
stored with IMAGE object, A-117
STRUCTURE pointer, A-107
vaiations, A-109

tables
multiple tablesin snglefile, A-115

text
plain text formetting, A-123

TEXT object
definition, A-123

I

VICAR headers, A-56

VOLDESC.CAT, A-12, A-126

VOLINFO.TXT, A-123

VOLUME object, A-12, A-28, A-30, A-32, A-42, A-129
definition, A-125
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VOLUME_FORMAT, A-126
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Appendix B. Complete PDS Catalog Object
Set

This gppendix provides acomplete set of the PDS cataog objects. Each section includes a description
of the object, lists of keywords and sub-objects, guiddines to follow in assgning vaues, and a specific
example of the object. The catalog objects provide high-leve information suitable for loading a database
to facilitate searches across data sets, collections and volumes.

The catd og objects included on a PDS volume aso provide local, high-level documentation. The full st
of catalog objectsisrequired in the CATALOG directory of every PDS archive volume. Seethe File
Soecification and Naming chapter of this document for pointer and file names used with catalog
objects.

Not every object described in this section is required in dl cases. A PDS Centrd Node Data Engineer
will supply aset of blank catalog object templates to be completed for any specific delivery, and can
aso supply additional examplesif desired.

Description Field Formatting

The examples in the following sections conform to the current recommendations with repect to format
and content. Linesin decriptive text fidlds (DATA_SET_DESC, INSTRUMENT_DESC, etc.) should
not exceed 72 characters, including the <CR><LF> line ddlimiters. The underlining convention for
headings and subheadings provide organization levels for human readers and auto-formetting routines.

Heading Heading I ndent Text Indent Under scoring
Character
Primary 2 characters 4 characters =
Secondary 4 characters 6 characters -

Primary, or main, headings are double-underlined through the use of the equa-sign key (=) which
corresponds to ASCII decima 61. Secondary, or subheadings, are single-underlined through the use of
the hyphen key (-) which corresponds to ASCII decima 45. This underlining convention enhances
legibility, and in the future will facilitete the crestion of hypertext links.

Also, PDS has adopted a convention for indenting primary headings, secondary headings, and textua
descriptions to facilitate readability and to make a better presentation. Primary headings start at Column
3. Text under primary headings and secondary headings starts at Column 5. Text under secondary
headings starts at Column 7.



B-2 Appendix B. Complete PDS Catalog Object Set

Again for ease of readability, there should be 2 blank lines before the start of aprimary or secondary
heading. If a secondary heading immediately follows a primary heading, then only 1 blank line should
separate the secondary heading from the primary heading.

PDS has developed a Windows based program (FORMAT70) that will autometically format the
description fields of any catalog template.

Following is atemplate layout for aDATA_SET _DESC fidd. This example assumes the keyword
DATA_SET _DESC itf gartsin thefirst byte.

1 2 3 4 5 6 7
123456789012345678901234567890123456789012345678901234567890123456789012

DATA_SET_DESC ="
(blank line)
(blank line)

Primary Heading - starts at Colum 3

Text under headings start at Colum 5
nore text starting at Colum 5. ..
(blank line)
(blank line)
Secondary Heading - starts at Column 5
Text under subheadi ngs start at Columm 7
nore text starting at Colum 7...
(blank line)
(blank line)
Primary Heading - starts at Colum 3

(blank line)
Secondary Heading - starts at Columm 5

Text under subheadi ngs start at Columm 7
nore text starting at Colum 7...

Order of Keywords and Sub-Objects

The examplesin the following sectionsilludtrate the preferred ordering for keywords and sub-objects.
The order used provides alogica flow that makes the catal og files somewhat easer for a human reader
to follow.
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Chapter Contents
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B.3 DATA_SET COLLECTION_REF INFO....cccoooiiiiiiinieiieseise e B-16
B.4  DATA_SET COLLECTION......ciiiiiieiiiresieeesieesitteesiee e s aeeesae e s sneeesnee s snnneesnnaeeennes B-17
B5 DATA_SET COLLECTION_INFO ....cooiiiiiiirieisesenie s B-21
B.6  DATA_SET HOST ...t eeeesee e see e s eee s see e es s eese e es s B-23
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B.16 INSTRUMENT HOST INFORMATION. ..ottt B-50
B.17 INSTRUMENT_HOST _REFERENCE _INFO.....ccccciiirieiieieieeseseeee e B-52
B.18 INSTRUMENT INFORMATION .....ccciiiiiie et eee e see e e B-54
B.19 INSTRUMENT _REFERENCE INFO .....cccccoiiiieiresenieese e B-57
B.20 INVENTORY ...ttt et e e e e s e s e e e nne e e e nnaeesnaeeennes B-58
B.21 INVENTORY_DATA_SET INFO ...t B-60
B.22 INVENTORY_NODE MEDIA INFO....cci e B-61
B.23  MISSION ...ttt sttt sttt s e s e e e e se st e e reebennens B-62
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= 22 T o s @ |\ N = S B-74
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B.35 SOFTWARE PURPOSE .......cccotiiieiiisieiei sttt st e ssesnns B-90
TG T 1 (IS B-91
B.37 TARGET_INFORMATION ....ccitiirieietisieieestesiesesresteseeestesseessesseseesessessenessessesens B-93



B-4

B.38 TARGET_REFERENCE_INFORMATION

Appendix B. Complete PDS Catalog Object Set



Appendix B. Complete PDS Catalog Object Set B-5

B.1 DATA_SET

The DATA_SET catalog object is used to submit information about a data set to the PDS. The
DATA_SET object includes a free-form text description of the data set as well as sub-objects for
identifying associated targets, hosts, and references.

B.1.1 Required Keywords

1. DATA SET ID

B.1.2 Optional Keywords

None

B.1.3 Required Objects

DATA_SET _HOST
DATA_SET_INFORMATION
DATA_SET_REFERENCE_INFORMATION
DATA_SET TARGET

~AwbdpE

B.1.4  Optional Objects

None

B.1.5 Usage Notes

One DATA_SET_INFORMATION catalog object must be completed for each data set. One

DATA _SET TARGET catdog object must be completed for each target associated with the data set.
That is, if there is more than one target, this object is repeated. Similarly, one DATA_SET _HOST
catalog object must be completed for each host/instrument pair associated with the data set, and one
DATA_SET_REFERENCE_INFORMATION catalog object is required for each individual reference
associated with the data set. Al references should be included that are relevant to providing more
detailed / specific data set information; such as, description of the data set, calibration procedures,
processing software, data set documentation, review results, etc. These references may include
published articles, books, papers, €ectronic publications, etc.
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Note that the DATA_SET_TARGET, DATA_SET_HOST and DATA_SET_REFERENCE objects
associate a particular target, host or reference ID with the data set, but do not themselves define the
attributes of the corresponding target, host or reference. For each new ID referenced in one of these
fields, ahigh-leve description must be provided in the corresponding catalog object. For example, if the
REFERENCE_KEY_ID listed inaDATA_SET_REFERENCE object does not aready exist, anew
REFERENCE object, defining that REFERENCE_KEY _ID, must also be submitted with the delivery.
The Centrd Node data engineers can assist in locating existing catalog objects that may be referenced in
any of the abovefidds.

B.1.6 Example

/* Tenplate: Data Set Tenpl ate Rev: 1993-09-24 */
/* */
/* Note: Conplete one for each data set. Identify nultiple targets associated with */

/* the data set by repeating the 3 lines for the DATA_SET_TARGET obj ect. */
/* Identify multiple hosts associated with the data set by repeating the 4 lines */
/* for the DATA _SET_HOST object. ldentify multiple references associ ated */
/* with the data set by repeating the 3 lines of the */
/* DATA_SET_REFERENCE_| NFORMATI ON obj ect . */
/* Hierarchy: DATA_SET */
/* DATA_SET_| NFORMATI ON */
/* DATA_SET_TARGET */
/* DATA_SET_HOST */
/* DATA_SET_REFERENCE_I| NFORMATI ON */
PDS_VERSI ON_I D = PDS3

LABEL_REVI SI ON_NOTE = "1998-07-01, Richard Sinpson (STANFORD), initial;"
RECORD_TYPE = STREAM

OBJECT DATA_SET

DATA_SET_I D " MGN- V- RDRS- 5- GVDR- V1. 0"

OBJECT = DATA_SET_I NFORMATI ON
DATA_SET_NAME = "MGN V RDRS DERI VED GLOBAL VECTOR DATA RECORD V1. 0"
DATA_SET_COLLECTI ON_MEMBER _FLG= "N
DATA_OBJECT_TYPE = TABLE
ARCHI VE_STATUS = ARCHI VED
START_TI ME = 1990- 08- 01T00: 00: 00
STOP_TI ME = 1993-12-31T23:59: 59
DATA_SET_RELEASE_DATE = 1994-07-01
PRODUCER_FULL_NAME = "M CHAEL J. MAURER"
DETAI LED_CATALOG_FLAG = "N

DATA_SET_TERSE_DESC "The G obal Vector Data Record (GVDR)
is a sorted collection of scattering and
enm ssion nmeasurenments fromthe Magell an
M ssi on”
Cl TATI ON_DESC = "Maurer, MJ., MGN V RDRS DERI VED GLOBAL VECTOR
DATA RECORD V1.0, MGN-V-RDRS-5-GVDR-V1.0, NASA
Pl anetary Data System 1994."
DATA_SET_DESC ="
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Data Set Overvi ew

The d obal Vector Data Record (GVDR) is a sorted collection of scattering and

enm ssion measurenments fromthe Magellan M ssion. The sorting is into a grid of equa
area 'pixels' distributed regularly about the planet. For data acquired fromthe sane
pi xel but in different observing geonetries, there is a second |level of sorting to
accommmodate the different geonetrical conditions. The 'pixel' dimension is 18.225 km
The GVDR is presented in Sinusoidal Equal Area (equatorial), Mercator (equatorial),
and Pol ar Stereographic (polar) projections

The GVDR is intended to be the nbost systematic and conprehensive representation of
the el ectromagnetic properties of the Venus surface that can be derived from Magell an
data at this resolution. It should be useful in characterizing and conparing

di stingui shable surface units.

Par amet er s

The Magell an data set conprises three basic data types: echoes fromthe nadir-view ng
altineter (ALT), echoes fromthe oblique backscatter synthetic aperture radar (SAR)

i magi ng system and passive radio thermal em ssion measurenents nade using the SAR
equi pnment. The objective in conpiling the GV/DR is to obtain an accurate esti mate of
the surface backscattering function (sonetines called the specific backscatter
function or 'sigma-zero') for Venus fromthese three data types and to show its
variation with incidence (polar) angle, azimuthal angle, and surface |ocation

The ALT data set has been analyzed to yield profiles of surface el evation

[ FORD&PETTENGI LL1992] and estimates of surface Fresnel reflectivity and estimtes of
meter-scale rms surface tilts by at |east two i ndependent methods

[ FORD&PETTENGI LL1992; TYLER1992]. The 'inversion' approach of [TYLER1992] provides, in
addition, an enpirical estimte of the surface backscatter function at incidence
angles fromnadir to as nmuch as 10 degrees fromnadir in steps of 0.5 degrees

Statistical analysis of SAR inmage pixels for surface regi ons about 20 km (across
track) by 2 km (along track) provided estimtes of the surface backscatter function
over narrow angul ar ranges (1-4 degrees) between 15 and 50 degrees from normal
incidence [ TYLER1992]. By conbining results from several orbital passes over the sane
region in different observing geonetries, the backscatter response over the ful
obl i que angul ar range (15-50) could be conpiled. In fact, the number of independent
observing geonetries attenpted with Magellan was |limted, and some of these
represented changes in azinmuth rather than changes in incidence (or polar) angle
Neverthel ess, data from many regi ons were collected in nore than one SAR observing
geometry. Histogranms of pixel values and quadratic fits to the surface backscattering
function over narrow ranges of incidence angle were conmputed by [ TYLER1992].

Passive microwave em ssion by the surface of Venus was neasured by the Magellan radar
receiver between ALT and SAR bursts. These nmeasurenments have been converted to
estimtes of surface em ssivity [ PETTENG LLETAL1992]. Wth certain assunptions the
em ssivity derived fromthese data should be the conplement of the Fresne
reflectivity derived fromthe ALT echo strengths.In cases where the two quantities do
not add to unity, the assunptions about a sinple dielectric (Fresnel) interface at
the surface of Venus nust be adjusted

Processi ng

The processing carried out at the Massachusetts Institute of Technology (MT) to
obtain altinetry profiles and estimtes of Fresnel reflectivity and rnms surface tilts
has been described el sewhere [ FORD&PETTENG LL1992]. In brief it involves fitting pre-
conmputed tenplates to neasured echo profiles; the topographic profiles, Fresnel
reflectivities, and rms surface tilts are chosen to mnimze differences between the
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data and tenplates in a | east-squares sense. The estimates of emi ssivity require
calibration of the raw data values and correction for attenuation and em ssion by the
Venus at nosphere [PETTENG LLETAL1992]. These data have been coll ected by orbit nunber
on a set of conpact discs [FORD1992] and into a set of gl obal maps, also distributed
on conpact disc [ FORD1993].

At Stanford ALT-EDR tapes were the input for calculation of near-nadir enpirica
backscattering functions. For oblique backscatter, C-BIDR tapes fromthe Magell an
Project and F-BIDR files obtained via Internet from Washington University were the

i nput products. Output was collected on an orbit-by-orbit basis into a product known
as the Surface Characteristics Vector Data Record (SCVDR). The SCVDR has been
delivered to the Magellan Project for orbits through 2599; processing of data
beginning with orbit 2600 and continuing through the end-of-M ssion is spending
conpl etion of the first version of the GVDR

Dat a

The GVDR data set conprises several 'tables' of results based on analysis of each of
the data types described above. These include

(1) I'mage Data Table

(2) Radionmetry Data Tabl e
(3) MT ALT Data Tabl e

(4) Stanford ALT Data Table

(1) Image Data Table

This table contains results fromanalysis of SAR image strips.The results are
paraneterized by the azinuth angle, the incidence (polar) angle, and the polarization
angle. Quantities include the number of image frame lets used to conpute the
scattering paraneters; the nedian, the node, and the one-standard-deviation limts of
the pixel histogram and the three coefficients and the reference angle of the
quadratic approximation to sigma-zero as a function of incidence angle.

(2) Radionmetry Data Tabl e

This table contains results fromMT analysis of the radionetry data. The results are
paraneterized by the azinuth angle, the incidence angle, and the polarization angle
The results include the nunmber of radiometry footprints used to conpute the estimte
of thermal emissivity, the em ssivity, and its variance

(3) MT ALT Data Tabl e

This table contains results derived fromthe MT altinmetry data anal ysis. The results
i nclude the nunmber of ARCDR ADF footprints used in conputing the estinmtes of
scattering properties for the pixel and estimtes (and variances) of radius, rms
surface tilt, and Fresnel reflectivity fromthe ARCDR

(4) Stanford ALT Data Table

This table contains results fromthe Stanford analysis of altimetry data. Results
include the number of SCVDR footprints used in conputing the estimtes of surface
properties for this pixel, the centroid of the Doppler spectrum the derived
scattering function and the angles over which it is valid, variance of the individua
points in the derived scattering function, and results of fitting analytic functions
to the derived scattering function

Anci |l l ary Data

Ancillary data for nmost processing at both MT and Stanford was obtained fromthe
data tapes and files received fromthe Magellan Project. These included trajectory
and pointing information for the spacecraft, clock conversion tables, spacecraft
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engi neering data, and SAR processing paranmeters. For calibration of the radar
instrument itself, Magellan Project reports (including some received from Hughes
Aircraft Co.[BARRY1987; CUEVAS1989; SE011]) were used. Docunentation on handling of
data at the Jet Propul sion Laboratory was al so used [ BRI LL&MEI SL1990; SCI EDR,;
SDPS101] .

Coor di nate System

The data are presented in gridded formats, tiled to ensure that closely spaced points
on the surface occupy nearby storage |ocations on the data storage medium Four
separate projections are used: sinusoidal equal area and Mercator for points within
89 degrees of the equator, and pol ar stereographic for points near the north and
south poles. The projections are described by [ SNYDER1987]; | AU conventions descri bed
by [ DAVI ESETAL1989] and Magell an Project assunptions [LYONS1988] have been adopt ed.

Sof t war e
A special library and several exanple programs are provided in source code form for
reading the GVDR data files. The general - purpose exanple programwill serve the needs

of the casual user by accessing a given GVDR quantity over a specified region of GVDR
pi xel s. More advanced users nay want to write their own programs that use the GVDR
library as a toolkit. The library, witten in ANSI C, provides concise access nethods
for reading every quantity stored in the GVYDR. It conveniently handles all geonetric
and tiling transformati ons and converts any conpressed qualities to a standard native
format. The general purpose program mentioned above provides an exanple of how to use
this library.

Medi a/ For mat

The GVDR wi Il be delivered to the Magellan Project (or its successor) using conpact
disc write once (CD-WO) nedia. Formats will be based on standards for such products
established by the Planetary Data System (PDS) [PDSSR1992]."

CONFI DENCE_LEVEL_NOTE ="

Confidence Level Overview

The GVDR is intended to be the nbost systematic and conprehensive representation of
the el ectromagnetic properties of the Venus surface that can be derived from Magell an
data at this resolution. Nevertheless, there are limtations to what can be done with
the data.

Revi ew

The GVDR will be reviewed internally by the Magellan Project prior to release to the
pl anetary conmunity. The GVDR will also be reviewed by PDS.

Dat a Coverage and Quality

Because the orbit of Magellan was elliptical during nmost of its mapping operations,
parts of the orbital coverage have higher resolution and higher signal-to-noise than
ot hers.

Cycle 1 Mapping
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During Mapping Cycle 1, periapsis was near 10 degrees N latitude at altitudes of
approxi mately 300 km over the surface. The altitude near the poles, on the other
hand, was on the order of 3000 km For all data types this means | ower confidence in
the results obtained at the poles than near the equator

Further, the spacecraft attitude was adjusted so that the SAR antenna was pointed at
about 45 degrees from nadir near periapsis; this was reduced to near 15 degrees at
the pol es. The objective was to conmpensate sonmewhat for the changing elevation and to
provide scattering at higher incidence angles when the echo signal was expected to
be strongest. The ALT antenna, at a constant 25 degree offset fromthe SAR antenna
followed in tandem but at angl es which were not optim zed for obtaining the best
altimetry echo

During Mapping Cycle 1 alnost half the orbits provided SAR i mages of the north pole
because of the orbit inclination, ALT data never extended beyond about 85N | atitude
in the north and 85S in the south. No SAR i mages of the south pole were acquired
during Mapping Cycle 1 because the SAR antenna was al ways pointed to the left of the
ground track; the Cycle 1SAR inmmge strip near the south pole was at a | atitude
equat or ward of 85S

Cycle 2 Mapping

During nuch of Mapping Cycle 2, the spacecraft was flown ‘backwards’ so as to
provi de SAR i mages of the sane terrain but with ‘opposite side’ illumnation. This
adj ustment al so meant that the SAR could inmage near the Venus south pole (but not
near the north pole). The ALT data continued to be limted to |atitudes equator ward
of 85N and 85S

Cycl e 3 Mapping

During Mapping Cycle 3 the enphasis was on obtaining SAR data fromthe same side as
in Cycle 1 but at different incidence angles (for radar stereo). In fact, nost data
were acquired at an incidence angle of about 25 degrees, which neant that the ALT
antenna was usually aimed directly at nadir instead of drifting fromside to side
as had been the case in Cycle 1. These Cycle 3 data, therefore, nay be anpbng the best
fromthe altinmeter. Dynamic range in SAR data was larger than in Cyclel because the
inci dence angle was fixed rather than varying to conpensate for the changing
spacecraft height.

It is inportant to remenber that, since the SAR and ALT antennas were ained at
different parts of the planet during each orbit, building up a collection of
conposite scattering data for any single surface region requires that results from
several orbits be integrated. In the case of data from polar regions, where only the
SAR was able to probe, there will be no ALT data. \When scheduling or other factors
interrupted the systematic collection of data, there may be ALT data for some

regi ons but no conparable SAR or radionetry data (or viceversa).

Note that for all Cycles outages played an inportant role in determ ning coverage
For exanpl e, although a goal of Cycle 3 radar napping was radar stereo, early orbits
were used to collect data at nomi nal incidence angles that had been m ssed during
Cycle 1 because of thermal problems with the spacecraft. A transmtter failure
during Cycle 3 caused a loss of further data. It is not within the scope of this
description to provide detailed informati on on data coverage

Limtations

Both the tenplate fitting approach and the inversion approach will have their
limtations in estimating overall surface properties for a region on Venus. The
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a tenplate representing that

is susceptible to noise at
handl ed properly. Users of this data set
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i nci dence angl es

fails to give a

i nci dence angl es

has

is

(during Cycle 1).Over regions in Cycle 1, the ALT antenna is rotated about 10
degrees to the opposite side of nadir. A nore inportant consideration in polar
regions is that the area illum nated by the ALT antenna is approxi mately 100 tinmes as
| arge as near periapsis because of the higher spacecraft altitude. The region
contributing to echoes in polar regions -- and therefore the regi on over which
estimtes of Fresnel reflectivity and rms surface tilts apply -- is nuch larger than

at periapsis."
END_OBJECT
OBJECT

TARGET_NAME
END_OBJECT

OBJECT

I NSTRUMENT_HOST_I D

I NSTRUMENT_| D
END_OBJECT

OBJECT
REFERENCE_KEY_| D
END_OBJECT

OBJECT
REFERENCE_KEY_| D
END_OBJECT

OBJECT
REFERENCE_KEY_| D
END_OBJECT

OBJECT
REFERENCE_KEY_| D
END_OBJECT

OBJECT
REFERENCE_KEY_| D
END_OBJECT

OBJECT
REFERENCE_KEY_| D
END_OBJECT

OBJECT
REFERENCE_KEY_| D
END_OBJECT

OBJECT
REFERENCE_KEY_I D

DATA_SET_I NFORVATI ON

DATA_SET_TARGET
VENUS
DATA_SET_TARGET

DATA_SET_HOST
MGN

RDRS
DATA_SET_HOST

DATA_SET_REFERENCE_I NFORMATI ON
"BARRY1987"
DATA_SET_REFERENCE_| NFORMATI ON

DATA_SET_REFERENCE_I NFORMATI ON
" BRI LL&VEI SL1990"
DATA_SET_REFERENCE_| NFORMATI ON

DATA_SET_REFERENCE_I NFORMATI ON
" CUEVAS1989"
DATA_SET_REFERENCE_| NFORMATI ON

DATA_SET_REFERENCE_I NFORMATI ON
" DAVI ESETAL1989"
DATA_SET_REFERENCE_| NFORMATI ON

DATA_SET_REFERENCE_I NFORMATI ON
" FORD1992"
DATA_SET_REFERENCE_| NFORMATI ON

DATA_SET_REFERENCE_I NFORMATI ON
" FORD1993"
DATA_SET_REFERENCE_| NFORMATI ON

DATA_SET_REFERENCE_I NFORMATI ON
" FORD&PETTENGI LL1992"
DATA_SET_REFERENCE_| NFORMATI ON

DATA_SET_REFERENCE_I NFORMATI ON
"HAGFORS1964"
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END_OBJECT

OBJECT
REFERENCE_KEY_| D
END_OBJECT

OBJECT
REFERENCE_KEY_| D
END_OBJECT

OBJECT
REFERENCE_KEY_| D
END_OBJECT

OBJECT
REFERENCE_KEY_| D
END_OBJECT

OBJECT
REFERENCE_KEY_| D
END_OBJECT

OBJECT
REFERENCE_KEY_| D
END_OBJECT

OBJECT
REFERENCE_KEY_| D
END_OBJECT

OBJECT
REFERENCE_KEY_| D
END_OBJECT

OBJECT
REFERENCE_KEY_| D
END_OBJECT

END_OBJECT
END
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DATA_SET_REFERENCE_|

DATA_SET_REFERENCE_|
" HAGFORS&EVANS1968"
DATA_SET_REFERENCE_|

DATA_SET_REFERENCE_|
" LYONS1988"
DATA_SET_REFERENCE_|

DATA_SET_REFERENCE_|
" PDSSR1992"
DATA_SET_REFERENCE_|

DATA_SET_REFERENCE_|
" PETTENG LLETAL1992"
DATA_SET_REFERENCE_|

DATA_SET_REFERENCE_|
" SCl EDR"
DATA_SET_REFERENCE_|

DATA_SET_REFERENCE_|
" SDPS101"
DATA_SET_REFERENCE_|

DATA_SET_REFERENCE_|
" SE011"
DATA_SET_REFERENCE_|

DATA_SET_REFERENCE_|
" SNYDER1987"
DATA_SET_REFERENCE_|

DATA_SET_REFERENCE_|
"TYLER1992"
DATA_SET_REFERENCE_|

DATA_SET

NFORMATI ON

NFORMATI ON

NFORMATI ON

NFORMATI ON

NFORMATI ON

NFORMATI ON

NFORMATI ON

NFORMATI ON

NFORMATI ON

NFORMATI ON

NFORMATI ON

NFORMATI ON

NFORMATI ON

NFORMATI ON

NFORMATI ON

NFORMATI ON

NFORMATI ON

NFORMATI ON

NFORMATI ON
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B.2 DATA _SET COLL ASSOC DATA_SETS

The DATA_SET COLL_ASSOC DATA_SETS cataog object, a sub-object of the

DATA_SET COLLECTION object, isrepeated for each data set associated with a
DATA_SET_COLLECTION. For example, if there are three distinct data sets comprising a collection,
this object will be repeated three different times— once for each data set.

B.2.1 Required Keywords

1. DATA SET ID

B.2.2 Optional Keywords

None

B.2.3 Required Objects

None

B.2.4  Optional Objects

None

B.25 Example

Seethe example of the DATA_SET_COLLECTION object in Section B.4.5.
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B.3 DATA_SET_COLLECTION_REF_INFO

The DATA_SET_COLLECTION_REF_INFO cataog object, a sub-object of
DATA_SET COLLECTION object, associates areference with a data set collection. It is repeated
once for each reference identified in the DATA_SET_COLLECTION catalog object.

A separate REFERENCE catal og object must be completed to provide the associated citation for each
reference.

B.3.1 Required Keywords

1. REFERENCE_KEY_ID

Note: If there are no relevant references to cite, the REFERENCE _KEY _ID should have avdue of
“N/A”.

B.3.2 Optional Keywords

None

B.3.3 Required Objects

None

B.3.4 Optiona Objects

None

B.3.5 Example

See the example for the DATA_SET _COLLECTION object in Section B.4.5.
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B.4 DATA_SET_COLLECTION

The DATA_SET_COLLECTION catalog object is used to link severa data sets as a collection to be
used and distributed together.

B.4.1 Required Keywords

1. DATA_SET_COLLECTION_ID

B.4.2 Optional Keywords

None

B.4.3 Required Objects

1. DATA_SET COLL_ASSOC DATA SETS
2. DATA_SET _COLLECTION_INFO
3. DATA_SET COLLECTION REF INFO

B.4.4  Optional Objects

None

B.4.5 Usage Notes

One DATA_SET_COLLECTION_INFORMATION cataog object must be completed for each data
st collection. One DATA_SET _COLLECTION_ASSOC DATA_SETS cataog object must be
completed for each data set associated with the data set collection. That is, if there is more than one
data set, this object is repeated. Similarly, one DATA_SET_COLLECTION_REF INFO catalog
object isrequired for eachindividua reference associated with the data set collection. All references
should be included that are relevant to providing more detailed / specific data set collection information;
such as, description of the data set collection. These references may include published articles, books,
papers, eectronic publications, etc.
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B.4.6 Example

/* Tenplate: Data Set Collection Tenpl ate Rev: 1993-09-24 */

/* Note: Conplete one tenplate for each data set collection. ldentify

*/
/* i ndi vidual data sets that are included in the collection by */
/* repeating the 3 lines for the DATA SET_COLL_ASSOC _DATA SETS */
/* object. ldentify each data set collection reference by
*/
/* repeating the 3 lines for the DATA SET_COLLECTI ON_REF_I NFO obj ect . */
/* Al so conplete a separate REFERENCE tenpl ate for each new
*/
/* reference submtted to PDS.
*/
/* Hierarchy: DATA_SET_COLLECTI ON
*/
/* DATA_SET_COLLECTI ON_I NFO
*/
/* DATA_SET_COLL_ASSOC_DATA_SETS */
/* DATA_SET_COLLECTI ON_REF_I NFO
*/
OBJECT = DATA_SET_COLLECTI ON
DATA_SET_COLLECTI ON_I D = "PREMGN- E/ L/ H M V- 4/ 5- RAD/ GRAV- V1. 0"
OBJECT = DATA_SET_COLLECTI ON_I NFO
DATA_SET_COLLECTI ON_NAME = "PRE-MGN E/L/H MV 4/5 RADAR/ GRAVI TY DATA V1.0"
DATA_SETS = 15
START_TI ME = 1968-11-09T00: 00: 00
STOP_TI ME = 1988-07-27T00: 00: 00
DATA_SET_COLLECTI ON_RELEASE_DT = 1990- 06- 15

PRODUCER_FULL_NAME = "RAYMOND E. ARVI DSON"'
DATA_SET_COLLECTI ON_DESC ="

Data Set Col |l ection Overview

This entity is a collection of selected Earth-based radar data of Venus, the Moon,
Mercury, and Mars, Pioneer Venus radar data, airborne radar imges of Earth, and line
of sight acceleration data derived fromtracking the Pioneer Venus Orbiter and Viking
Orbiter 2. Included are 12.6 centinmeter wavel ength Areci bo Venus radar inages, 12.6
to 12.9cm CGol dstone Venus radar inmages and altimetry data, together with altinetry,
brightness tenperature, Fresnel reflectivity and rns slopes derived fromthe Pioneer
Venus Radar Mapper. For the Moon, Haystack 3.8 centineter radar images and Arecibo
12.6 and 70 centineter radar inmages are included. Mars data include Gol dstone
altinetry data acquired between 1971 and 1982 and araster data set containing radar
units that nodel Gol dstone and Areci bo backscatter observations. Mercury data consi st
of Goldstone altimetry files. The terrestrial data were acquired over the Pisgah |ava
flows and the Kelso dune field in the Mjave Desert, California, and consist of

mul tiple frequency, multiple incidence angle views of the sane regions. Data set
docunentation is provided, with references that allow the reader to reconstruct
processing histories. The entire data set collection and docunentation are avail able
on a CD-ROM entitled Pre-Magell an Radar and Gravity Data."

DATA_SET_COLLECTI ON_USAGE_DESC = "

Data Set Col |l ection Usage Overvi ew
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The intent of the data set collection is to provide the planetary science conmunity
with radar and gravity data simlar to the kinds of data that Magellan will begin
collecting in the sunmer of 1990. The data set collection will be used for pre-

Magel | an anal yses of Venus and for conparisons to actual Magellan data. The entire
data set collection and docunentation are available on a CD-ROM entitled Pre-Magellan
Radar and Gravity Data. A list of the hardware and software that may be used to read
this CD-ROM can be obtained fromthe PDS Geosci ences Discipline Node."

END_OBJECT = DATA SET_COLLECTI ON_I NFO
OBJECT = DATA_SET_COLL_ASSOC DATA_SETS
DATA_SET_|I D = " NDC8- E- ASAR- 4- RADAR- V1. 0"
END_OBJECT = DATA SET_COLL_ASSOC DATA SETS
OBJECT = DATA_SET_COLL_ASSOC DATA_SETS
DATA_SET_|I D = " ARCB- L- RTLS- 5- 12. 6CM V1. 0"
END_OBJECT = DATA SET_COLL_ASSOC DATA SETS
OBJECT = DATA_SET_COLL_ASSOC DATA_SETS
DATA_SET_|I D = " ARCB- L- RTLS- 4- 70CM V1. 0"
END_OBJECT = DATA SET_COLL_ASSOC DATA SETS
OBJECT = DATA_SET_COLL_ASSOC DATA_SETS
DATA_SET_|I D = " ARCB- V- RTLS- 4- 12. 6CM V1. 0"
END_OBJECT = DATA SET_COLL_ASSOC DATA SETS
OBJECT = DATA_SET_COLL_ASSOC DATA_SETS
DATA_SET_|I D = " ARCB- L- RTLS- 3- 70CM V1. 0"
END_OBJECT = DATA SET_COLL_ASSOC DATA SETS
OBJECT = DATA SET_COLL_ASSOC DATA_SETS
DATA_SET_|I D = "GSSR- M RTLS- 5- ALT- V1. 0"
END_OBJECT = DATA SET_COLL_ASSOC DATA SETS
OBJECT = DATA SET_COLL_ASSOC DATA_SETS
DATA_SET_|I D = "GSSR- H- RTLS- 4- ALT- V1. 0"
END_OBJECT = DATA SET_COLL_ASSOC DATA SETS
OBJECT = DATA SET_COLL_ASSOC DATA_SETS
DATA_SET_|I D = "GSSR- V- RTLS- 5- 12. 6- 9CM V1. 0"
END_OBJECT = DATA SET_COLL_ASSOC DATA SETS
OBJECT = DATA SET_COLL_ASSOC DATA_SETS
DATA_SET_|I D = "HSTK- L- RTLS- 4- 3. 8CM V1. 0"
END_OBJECT = DATA SET_COLL_ASSOC DATA SETS
OBJECT = DATA SET_COLL_ASSOC DATA_SETS
DATA_SET_|I D = " ARCB/ GSSR- M RTLS- 5- MODEL- V1. 0"
END_OBJECT = DATA SET_COLL_ASSOC DATA SETS
OBJECT = DATA SET_COLL_ASSOC DATA_SETS
DATA_SET_|I D = "P12- V- RSS- 4- LOS- GRAVI TY- V1. 0"
END_OBJECT = DATA SET_COLL_ASSOC DATA SETS
OBJECT = DATA SET_COLL_ASSOC DATA_SETS
DATA_SET_|I D = "P12- V- ORAD- 4- ALT/ RAD- V1. 0"
END_OBJECT = DATA SET_COLL_ASSOC DATA SETS
OBJECT = DATA SET_COLL_ASSOC DATA_SETS
DATA_SET_|I D = " P12- V- ORAD- 5- RADAR- | MAGE- V1. 0"
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END_OBJECT

OBJECT
DATA_SET_I D
END_OBJECT

OBJECT
DATA_SET_I D
END_OBJECT

OBJECT
REFERENCE_KEY_| D
END_OBJECT

END_OBJECT
END
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DATA_SET_COLL_ASSOC_DATA_SETS

DATA_SET_COLL_ASSOC_DATA_SETS
" P12- V- ORAD- 5- BACKSCATTER- V1. 0"
DATA_SET_COLL_ASSOC_DATA_SETS

DATA_SET_COLL_ASSOC_DATA_SETS
"VO2- M RSS- 4- LOS- GRAVI TY- V1. 0"
DATA_SET_COLL_ASSOC_DATA_SETS

DATA_SET_COLLECTI ON_REF_I NFO
ARVI DSONETAL1990A
DATA_SET_COLLECTI ON_REF_| NFO

DATA_SET_COLLECTI ON
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B.5 DATA_SET_COLLECTION_INFO

The DATA_SET_COLLECTION_INFO catalog object, a sub-object of

DATA_SET _COLLECTION, provides an overview of content and usage, as well as other information
specific to the data set collection. This object includes a free-form text description,

DATA_SET COLLECTION_DESC.

B.5.1 Required Keywords

DATA_SET_COLLECTION_DESC
DATA_SET _COLLECTION_NAME
DATA_SET_COLLECTION_RELEASE DT
DATA_SET_COLLECTION_USAGE DESC
DATA_SETS

PRODUCER FULL_NAME

START_TIME

STOP_TIME

ONOOAWDNE

B.5.2 Optional Keywords

None

B.5.3 Required Objects

None

B.5.4 Optional Objects

None

B.5.5 Usage Notes

NOTE: The following paragraph headings and subheadings are recommended as the minimum set of
headings needed to describe a data set collection adequately. Additiona headings and sub- headings
may be added as desired. Should any of the more common headings not appear within atext
description, it will be considered not applicable to the data set collection.
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B.5.5.1 DATA_SET_COLLECTION_INFO Headings

Data Set Callection Overview
A high-leve description of the characteristics and properties of a data set collection

Data Set Collection Usage Overview
A high-leve description of the intended use of a data set collection

B.5.6 Example

See the example of the DATA_SET _COLLECTION object in Section B.4.5.
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B.6 DATA SET HOST

The DATA_SET HOST cataog object, a sub-object of the DATA_SET catalog object, identifies one
hogt/instrument pair associated with a data set.

B.6.1 Required Keywords

1. INSTRUMENT_HOST_ID
2. INSTRUMENT_ID

B.6.2 Optional Keywords

None

B.6.3 Required Objects

None

B.6.4 Optional Objects

None

B.6.5 Example

See the example for the DATA_SET object in Section B.1.6
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B.7 DATA_SET_INFORMATION

The DATA_SET_INFORMATION catalog object, a sub-object of the DATA_SET cataog object,
provides ahigh-level description of asingle PDS data st.

B.7.1 Required Keywords

ARCHIVE_STATUS
CITATION_DESC
CONFIDENCE_LEVEL_NOTE
DATA_OBJECT TYPE
DATA_SET_COLLECTION_MEMBER FLG
DATA_SET DESC
DATA_SET NAME
DATA_SET RELEASE DATE
DATA_SET TERSE DESC

10. DETAILED_CATALOG FLAG
11. PRODUCER _FULL_NAME

12. START TIME

13. STOP_TIME

CoNogakrwWwNE

B.7.2 Optional keywords

None

B.7.3 Required Objects

None

B.7.4  Optional Objects

None

B.7.5 Usage Notes
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The DATA_SET_INFORMATION cataog object includes two free-form text description fields:
DATA_SET DESC and CONFIDENCE _LEVEL_NOTE. Following are recommended headings and
subheadings for usein these fields, with brief descriptions of suggested contents.

Note: These headings and subheadings are recommended as the minimum set of headings needed to
describe adata set adequately. Additiona headings and sub-headings may be added as desired. Should
any of the more common headings not gppear within the description, they will be assumed to be not
gpplicable to the data set.

B.7.5.1 DATA_SET DESC Headings

Data Set Overview
A high leve description of the characterigtics and properties of a data set

Parameters
The primary parameters (measured or derived quantities) included in the data set, with units and
sampling intervas

Processing
The overal processing used to produce the data set, including a description of the input data
(and source), processing methods or software, and primary parameters or assumptions used to
produce the data set

Detailed description of each data type identified in the “ Data Set Overview”, (e.g., image data,
table data, etc.)

Andillary Data
Description of the ancillary information needed to interpret the data set. The ancillary

information may or may not be provided aong with the data set. If not, this description should
include sources or references for locating the ancillary data.

Coordinate System
Description of the coordinate system(s) or frame(s) of reference to be used for proper

interpretation of the data set

Software
Description of software reevant to the data, including software supplied with the data set as
well as externa software or systems that may be accessed independently to assigt in
visudization or andysis of the deta
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Media/Format
Description of the media on which the data st is ddlivered to PDS for digtribution, including
format information that may limit use of the data set on specific hardware platforms (e.g.,
binary/ASCII, IBM EBCDIC format)

B.7.5.2 CONFIDENCE_LEVEL_NOTE Headings

Confidence Leve Overview
A high leve description of the leve of confidence (e.g., rdiability, accuracy, or certainty) in the
data

2
:

Brief description of the review process that took place prior to release of the data set to insure
the accuracy and completeness of the data and associated documentation

Data Coverage and Quality
Description of overall data coverage and qudity. This section should include information about

gaps in the data (both for times or regions) and details regarding how missing or poor data are
flagged or filled, if gpplicable.

Limitations
Description of any limitations on the use of the data set. For example, discuss other data
required to interpret the data properly, or any assumptions regarding specia processing systems
used to further reduce or andyze the data. If the data have been cdibrated or otherwise
corrected or derived, describe any known anomadies or uncertaintiesin the results.

B.7.5.3 CITATION_DESC Formation Rule

The CITATION_DESC keyword is subject to aformation rule described in detail in the
CITATION_DESC dement definition in the PDS Data Dictionary. A brief description is.

{ <author_name>, <author_name>, ... }, <data set name>, DATA_SET ID,
NASA Planetary Data System, <year_of peer_review>.

If acitation description is not defined, nor is gpplicable to the data set, the value "N/A™ should be used.
B.7.5.4 OTHER - Data Supplier provided

Any other important information in addition to the headings above, as desred (e.g., data
compression, time-tagging, €tc.)
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B.7.6 Example

Seethe example for the DATA_SET object in Section B.1.6.
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B.8 DATA_SET_MAP PROJECTION

The DATA_SET_MAP_PROJECTION catalog object is one of two distinct objects that together
define the map projection used in creating the digital imagesin a PDS data set. The associated object
that completes the definition isthe IMAGE_MAP_PROJECTION, which isfully described in
Appendix B.13 of this document.

The map projection information resdes in these two objects essentialy to reduce data redundancy and
at the sametime alow the incluson of éements needed to process the deta a the image levd. Sttic
information that is applicable to the complete data set resdesin the

DATA_SET_MAP_PROJECTION object while dynamic information that is gpplicable to the
individud images resides in the IMAGE_MAP_PROJECTION object.

B.8.1 Required Keywords

1. DATA SET ID

B.8.2 Optional Keywords

None

B.8.3 Required Objects

1. DATA_SET_MAP PROJECTION_INFO

B.8.4 Optional Objects

None

B.8.5 Example

PDS_VERSI ON_| D
LABEL_REVI S| ON_NOTE
RECORD_TYPE
RECORD_BYTES

PDS3

"1998-07-01, Richard Sinmpson (STANFORD), initial;"
FI XED_LENGTH

80

SPACECRAFT_NAME
TARGET_NAME

MAGELLAN
VENUS
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OBJECT = DATA_SET_MAP_PROJECTI ON
DATA_SET_ID = "MGN- V- RDRS- 5- DI M- V1. 0"
OBJECT = DATA_SET_MAP_PRQJECTI ON_I NFO

MAP_PRQIECTI ON_TYPE "SI NUSOI DAL"
MAP_PRQJECTI ON_DESC ="

Map Projection Overview

The FMAP (Magellan Full Resolution Radar Msaic) is presented in a Sinusoidal Equal -
Area map projection. In this projection, parallels of latitude are straight lines,

wi th constant distances between equal |atitude intervals. Lines of constant |ongitude
on either side of the projection neridian are curved since |ongitude intervals
decrease with the cosine of latitude to account for their convergence toward the
poles. This projection offers a nunber of advantages for storing and managi ng gl obal
digital data; in particular, it is conmputationally sinple, and data are stored in a
conpact form

The Sinusoi dal Equal - Area projection is characterized by a projection |ongitude,
which is the center meridian of the projection, and a scale, which is given in units
of pixels/degree. The center latitude for all FMAP's is the equator. Each FMAP
contains its own central meridian. The tiles that make up an FMAP all have the sane
central meridian as the FMAP.

Lat/Lon, Line/Sanple Transformations

The transformation fromlatitude and |longitude to |line and sanple is given by the
foll owi ng equations:

line = I NT(LI NE_PROQJECTI ON_OFFSET - | at*MAP_RESOLUTION + 1.0)

sanpl e = | NT( SAMPLE_PROJECTI ON_OFFSET - (lon -
CENTER_LONGI TUDE) * MAP_RESOLUTI ON*cos(l at) + 1.0)

Note that integral values of |line and sanple correspond to center of a pixel. Lat
and lon are the |latitude and | ongitude of a given spot on the surface.

Line Projection Offset

LI NE_PROJECTI ON_OFFSET is the |ine nunber m nus one on which the map projection
origin occurs. The map projection origin is the intersection of the equator and the
proj ection |longitude. The val ue of LINE_PROJECTI ON_OFFSET is positive for images
starting north of the equator and is negative for inmages starting south of the
equat or.

Sanpl e Projection Offset

SAMPLE_PROJECTI ON_OFFSET is the nearest sanple nunber to the left of the projection
| ongi tude. The val ue of SAMPLE_PRQOJECTI ON_OFFSET is positive for inmmges starting to
the west of the projection longitude and is negative for inmages starting to the east
of the projection |ongitude.

Center Longitude

CENTER_LONGI TUDE is the value of the projection |ongitude,which is the |ongitude
t hat passes through the center of the projection.

The val ues for FMAP products will be 1408, 235, and 35.
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There are four PDS paranmeters that specify the latitude and |ongitude boundaries of
an i mge. MAXI MUM_LATI TUDE and M NI MUM_LATI TUDE specify the |atitude boundaries of
the i mage, and EASTERNMOST_LONGI TUDE and WESTERNMOST_LONG TUDE specify the

| ongi tudi nal boundaries of the map.

Definitions of other mapping paranmeters can be found in the Planetary Science Data
Dictionary."

ROTAT! ONAL_ELEMENT _DESC = "See DAVI ESETAL1989."
OBJECT = DS_MAP_PRQOJECTI ON_REF_| NFO
REFERENCE_KEY_| D = "DAVI ESETAL1989"
END_OBJECT = DS_MAP_PRQJECTI ON_REF_| NFO
OBJECT = DS_MAP_PRQOJECTI ON_REF_| NFO
REFERENCE_KEY_| D = "BATSON1987"
END_OBJECT = DS_MAP_PRQOJECTI ON_REF_| NFO
OBJECT = DS_MAP_PRQOJECTI ON_REF_| NFO
REFERENCE_KEY_| D = " EDWARDS1987"
END_OBJECT = DS_MAP_PRQOJECTI ON_REF_| NFO
END_OBJECT = DATA_SET_MAP_PRQJECTI ON_I NFO
END_OBJECT = DATA SET_MAP_PRQJECTI ON

END
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B9 DATA_SET_MAP_PROJECTION_INFO

The DATA_SET_MAP_PROJECTION catalog object, a sub-object of
DATA_SET_MAP_PROJECTION, defines the specific map projection of an image data .

B.9.1 Required Keywords

1. MAP_PROJECTION_DESC
2. MAP_PROJECTION_TYPE
3. ROTATIONAL_ELEMENT_DESC

B.9.2 Optional Keywords

None

B.9.3 Required Objects

1. DS_MAP PROJECTION_REF INFO

B.9.4 Optional Objects

None

B.9.5 Usagenotes

The MAP_PROJECTION_DESC text should contain &t least one heading, “Map Projection
Overview”. This section should provide a description of the map projection of the data set, indicating
mathematica expressons used for latitude/longitude or line/'sample transformations, line and sample
projection offsets, center longitudes, etc., as well as any assumptions made in processing. Subheadings
may be used for each of these descriptions, if desired.

The ROTATIONAL_ELEMENT_DESC text should contain at least one heading, “ Rotational Element
Overview”. This section should provide a description of the standard used for the definition of a planet’'s
pole orientation and prime meridian, right ascension and declination, spin angle, etc. (Please seethe
Planetary Science Data Dictionary for complete description.) The vauein thisfidd may dso bea
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bibliographic citation of a published work containing the rotation eement description. In this case the
“Rotationd Element Overview” heading may be omitted.

Anexampleof aDATA_SET _MAP_PROJECTION_INFO object may be found in the previous
section detailing the DATA_SET_MAP_PROJECTION object.

Example

See the example for the DATA_SET_MAP_PROJECTION object in Section B.8.5.
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B.10 DATA_SET_REFERENCE_INFORMATION

The DATA_SET_REFERENCE_INFORMATION object, asub-object of DATA_SET catalog
object, isused to identify references relevant to a particular data set. . A separate object must be
completed for each reference cited within the DATA_SET catalog object.

A separate REFERENCE catalog object is completed to provide the associated citation for each
reference.

B.10.1 Required Keywords

1. REFERENCE_KEY_ID

Note: If there are no relevant references to cite, the REFERENCE_KEY _ID should have avaue of
"N/A".

B.10.2 Optional Keywords

None

B.10.3 Required Objects

None

B.10.4 Optional Objects

None

B.10.5 Example

See the example for the DATA_SET object in Section B.1.6.
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B.11 DATA_SET_TARGET

The DATA_SET_TARGET object, asub-object of DATA_SET catalog object, identifies an observed
target.

B.11.1 Required Keywords

1. TARGET_NAME

B.11.2 Optional Keywords

None

B.11.3 Required Objects

None

B.11.4 Optional Objects

None

B.11.5 Example

See the example for the DATA_SET object in Section B.1.6.
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B.12 DS MAP_PROJECTION_REF_INFO

The DS MAP_PROJECTION_REF_INFO object, a sub-object of

DATA_SET _MAP_PROJECTION_INFO cataog object, is used to identify references rdlevant to a
map projection. A separate object must be completed for each reference cited within the
DATA_SET_MAP_PROJECTION_INFO catalog object.

A separate REFERENCE catalog object is completed to provide the associated citation for each
reference.

B.12.1 Required Keywords

1. REFERENCE _KEY_ID

Note: If there are no relevant referencesto cite, the REFERENCE _KEY _ID should have avaue of
IIN/AII .

B.12.2 Optional Keywords

None

B.12.3 Required Objects

None

B.12.4 Optional Objects

None

B.12.5 Example

Seethe example for the DATA_SET_MAP_PROJECTION object in Section B.8.5.
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B.13 IMAGE_MAP_PROJECTION

The IMAGE_MAP_PROJECTION object is one of two distinct objects that define the map projection
used in credting the digitad imagesin a PDS data set. The name of the other associated object that
completesthe definition isDATA_SET_MAP_PROJECTION (see Appendix B.8).

The map projection information resdes in these two objects, essentidly to reduce data redundancy and
at the sametime dlow the incluson of éements needed to process the deta a the image leve. Basicdly,
datic information that is gpplicable to the complete data set resdein the
DATA_SET_MAP_PROJECTION object, while dynamic information that is gpplicable to the
individud imagesreside in the IMAGE_MAP_PROJECTION object.

The LINE_FIRST PIXEL, LINE LAST PIXEL, SAMPLE FIRST PIXEL, and

SAMPLE LAST PIXEL keywords are used to indicate which way is up in an image. Sometimes an
image can be shifted or flipped prior to its being physicaly recorded. These keywords are used in
cdculating the mepping of pixes between the origind image and the stored image.

The following equations give the byte offsets needed to determine the mapping of apixd (X,Y) from the
origind image to a pixe in the sored image:

The sample offset from the first pixel is

SAMPLE_BITS* (Y — SAMPLE_FIRST_PIXEL) * LINE_SAMPLES
8* (SAMPLE_LAST PIXEL — SAMPLE_FIRST_PIXEL + 1)

Theline offsst from thefird imegelineis

(X —LINE FIRST PIXEL)* LINES
(LINE_LAST _PIXEL —LINE_FIRST_PIXEL + 1)

Additionaly, in any image, ABS (SAMPLE_LAST PIXEL —SAMPLE_FIRST PIXEL +1)is
adwaysequa to LINE_SAMPLES, and ABS (LINE_LAST _PIXEL —LINE_FIRST PIXEL + 1) is
aways equd to LINES.

B.13.1 Example

Take a 1K by 1K 8-hit image which isrotated about the x-axis 180 degrees prior to being physicaly
recorded.
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Origind Image: Pogitive direction isto the right and down

first pixel (sample, line) = (1,1)

l

— (1024,1)

(1,1024) —
Image P T

last pixel (1024,1024)

Stored Image: Pogtive direction isto the right and up

first pixel (sample, line) = (1,1024)*

l

— (1024,1024)*

(L1) =
Image P’ I

last pixel (1024,1)"

These pixd location vaues (*) are the positions from the origind image. For example, the first pixd in
the stored image (normally referred to as (1,1)) came from the position (1,1024) in the origind image.
These origind vaues are used for the following IMAGE_MAP_PROJECTION keywordsin the PDS
label for the stored image:

SAMPLE_FI RST_PI XEL
SAMPLE_LAST_PI XEL
LI NE_FI RST_PI XEL
LI NE_LAST_PI XEL

1024
1024
1

Now, given apixd on the origind image, P(X,Y) = (2,2), determine its location (P) in the stored image.

sampleoffset =(8* (2- 1) * 1024) / (8* (1024- 1+ 1)) =1
lineoffset = ((2- 1024) * 1024) / (1 - 1024 + 1) = (-1022)

Therefore, P islocated a (2, 1023) which is 1 byte from the first sample, and 1022 bytes (in the
negative direction) from the first line in the stored image. See diagram above.
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B.13.2 Required Keywords

©CoNoOrwWDNE

NP RREPRRRRERR
QOWooo~NOOULdWDNEO

MAP_PROJECTION_TYPE
A_AXIS RADIUS

B_AXIS RADIUS

C_AXIS RADIUS

FIRST _STANDARD PARALLEL
SECOND_STANDARD_PARALLEL
POSITIVE_LONGITUDE._DIRECTION
CENTER _LATITUDE
CENTER_LONGITUDE

. REFERENCE_LATITUDE

. REFERENCE_LONGITUDE

. LINE_FIRST_PIXEL
.LINE_LAST PIXEL

. SAMPLE_FIRST_PIXEL

. SAMPLE_LAST PIXEL

. MAP_PROJECTION_ROTATION
. MAP_RESOLUTION

. MAP_SCALE

. MAXIMUM_LATITUDE

. MINIMUM_LATITUDE

21,
22,
23,
24,
25,
26.

EASTERNMOST_LONGITUDE
WESTERNMOST_LONGITUDE
LINE_PROJECTION_OFFSET
SAMPLE_PROJECTION_OFFSET
COORDINATE_SYSTEM_TYPE
COORDINATE_SYSTEM_NAME

B.13.3 Optional Keywords

AwbdpE

DATA_SET ID

IMAGE_ID

HORIZONTAL_FRAMELET OFFSET
VERTICAL_FRAMELET _OFFSET

B.13.4 Required Objects

Appendix B. Complete PDS Catalog Object Set

1. DATA_SET_MAP_PROJECTION — Thisobject is describe in Appendix B.
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B.13.5 Optional Objects

None

B.13.6 Example

PDS_VERSI ON_I D

/* File characteristics */
RECORD_TYPE

/* ldentification data el enents
DATA SET I D
DATA SET_NAME

DATA RECORD V1. 0"
PRODUCT_I D

M SSI ON_NAVE
SPACECRAFT_NAME
| NSTRUVENT _NANVE

ORBI T_START_NUMBER

ORBI T_STOP_NUMBER

START_TI ME

STOP_TI ME
SPACECRAFT_CLOCK_START_COUNT
SPACECRAFT_CLOCK_STOP_COUNT

PRODUCT _CREATI ON_TI VE
PRODUCT _RELEASE_DATE
PRODUCT _SEQUENCE_NUMBER
PRODUCT_VERSI ON_TYPE
SOURCE_DATA_SET_I D

SOURCE_PRODUCT | D
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PDS3

STREAM

*/

" MGN- V- RDRS- 5- GVDR- V1. 0"
"MAGELLAN VENUS RADAR SYSTEM GLOBAL

" | MP- NORTH. 100"

" MAGELLAN"
" MAGELLAN"
" VENUS"

376
4367
n N/ All
n N/ All
n N/ All
n N/ All

1994-05-07T22: 09: 27. 000
1994- 05- 13

00000

"PRELI M NARY"

{" MG\ V- RDRS- 5- SCVDR- V1. 0",
" MGN- V- RDRS- CDR- ALT/ RAD- V1. 0"}

{" SCVDR. 00376- 00399. 1", " SCVDR. 00400- 00499. 1",
"SCVDR. 01100-01199. 1", "SCVDR. 01200- 01299. 1", " SCVDR. 01300-01399. 1",
" SCVDR. 01400-01499. 1", "SCVDR. 01500- 01599. 1", " SCVDR. 01600- 01699. 1",
"SCVDR. 01700-01799. 1", "SCVDR. 01800- 01899. 1", " SCVDR. 01900- 01999. 1",
" ARCDRCD. 001; 2", " ARCDRCD. 002; 1", " ARCDRCD. 003; 1", " ARCDRCD. 004, 1",
" ARCDRCD. 005; 1", " ARCDRCD. 006; 1", " ARCDRCD. 007; 1", " ARCDRCD. 008; 1",
" ARCDRCD. 017; 1", " ARCDRCD. 018; 1", " ARCDRCD. 019; 1"}

SOFTWARE_FLAG

PRODUCER_FULL_NAME
PRODUCER | NSTI TUTI ON_NAVE
PRODUCER | D

DESCRI PTI ON

="y

"M CHAEL J. MAURER"

" STANFORD CENTER FOR RADAR ASTRONOMY"
" SCRA"

"This file contains a single
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| MAGE_MAP_PRQJECTI ON data object with an attached PDS | abel . "

/* Data object definitions */
OBJECT
~DATA_SET_MAP_PRQJECTI ON
COCRDI NATE_SYSTEM TYPE
COCRDI NATE_SYSTEM_NAME
MAP_PRQJECTI ON_TYPE
A_AXI S_RADI US
B_AXI S_RADI US
C_AXI S_RADI US
FI RST_STANDARD_PARALLEL
SECOND_STANDARD_PARALLEL
POSI Tl VE_LONG TUDE_DI RECTI ON
CENTER_LATI TUDE
CENTER_LONG TUDE
REFERENCE_LATI TUDE
REFERENCE_LONG TUDE
LI NE_FI RST_PI XEL
LI NE_LAST_PI XEL
SAMPLE_FI RST_PI XEL
SAMPLE_LAST_PI XEL
MAP_PRQJECTI ON_ROTATI ON
MAP_RESCLUTI ON
MAP_SCALE
MAXI MUM_LATI TUDE
M NI MUM_LATI TUDE
EASTERNMOST_LONG TUDE
VESTERNMOST_LONG TUDE
LI NE_PRQJECTI ON_OFFSET
SAMPLE_PRQIECTI ON_OFFSET
END_OBJECT

| MAGE_MAP_PRQJECTI ON
" DSMAP. CAT"

" BODY- FI XED ROTATI NG'
" PLANETOCENTRI C"

" STEREOGRAPHI C"

6051. 0 <KM>

6051. 0 <KM>

6051. 0 <KM>

= "N A"

"N A
" EAST"

90

0

"N A

"N A

1

357

1

357

0

5.79478 <Pl XEL/ DEGREE>
18. 225 <KM PI XEL>

90. 00

60. 00

360. 00

= 0.00

178
178
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B.14 INSTRUMENT

The INSTRUMENT catalog object is used to submit information about an instrument to PDS.
Instruments are typicaly associated with a particular spacecraft or earth-based host, so the
INSTRUMENT_HOST _ID keyword may identify either avalid SPACECRAFT _ID or
EARTH_BASE ID. The catdog object includes a text description of the instrument and a sub-object
for identifying reference information.

B.14.1 Required Keywords

1. INSTRUMENT_HOST_ID
2. INSTRUMENT_ID

B.14.2 Optional Keywords

None

B.14.3 Required Objects

1. INSTRUMENT_INFORMATION
2. INSTRUMENT_REFERENCE_INFO

B.14.4 Optional Objects

None

B.14.5 Usage Notes

One INSTRUMENT_INFORMATION catalog object must be completed for each instrument. A
INSTRUMENT REFERENCE _INFO catalog object is required for each individua reference
associated with the instrument. All references should be included that are relevant to providing more
detailed / specific ingrument information; such as, description of the ingrument, insrument
documentation, review results, etc. These references may include published articles, books, papers,
electronic publications, etc.
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B.14.6 Example
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/* Tenplate: Instrument Tenplate Rev: 1993-09-24 */
/* Note: Conpl ete one tenplate for each instrument. Identify each */
/* instrument reference by repeating the 3 lines for the */

/* I NSTRUMENT_REFERENCE_| NFO obj ect. Al so conplete a separate */
/* REFERENCE tenpl ate for each new reference submitted to PDS. */
/* Hierarchy: | NSTRUMENT */

/* | NSTRUMENT_| NFORMATI ON */
/* | NSTRUMENT_REFERENCE_| NFO */

PDS_VERSI ON_| D
LABEL_REVI S| ON_NOTE
RECORD_TYPE

OBJECT
I NSTRUMENT_HOST_I D
I NSTRUMENT_I D

OBJECT
I NSTRUMENT _NAME
I NSTRUMENT_TYPE
| NSTRUMENT_DESC

I nstrument Overview

PDS3
"1998-07-01, Richard Sinmpson (STANFORD), initial;"
STREAM

I NSTRUMENT
" RDRS"

I NSTRUMENT_| NFORMATI ON
" RADAR SYSTEM'
" RADAR"

The Magell an radar systemincluded a 3.7 mdianmeter high gain antenna (HGA) for SAR
and radiometry and a smaller fan-beam antenna (ALTA) for altinetry. The system

operated at 12.6 cm wavel ength.

Common el ectronics were used in SAR, altimetry, and

radiometry nmodes. The SAR operated in a burst nmode; altimetry and radionmetry
observations were interleaved with the SAR bursts.

Radi onetry data were obtained by spending a portion of the time between SAR bursts
and after altinmeter operation in a passive (receive-only) node, with the HGA antenna

capturing the mcrowave therml

enm ssion fromthe planet. Noise power within the 10-

MHz receiver bandwi dth was detected and accunul ated for50 ms. To reduce the
sensitivity to receiver gain changes in this node, the receiver was connected on
alternate bursts first to a conparison dummy | oad at a known physical tenperature and
then to the HGA. The short-term tenperature resolution was about 2 K; the long-term
absol ute accuracy after calibration was about 20 K.

The radar was manufactured by Hughes Aircraft Conpany and the 'build date' is taken
to be 1989-01-01. The radar dinensions were 0.304 by 1.35 by 0.902 (height by length
by width in neters) and the nmass was 126.1 kg.

Instrunment Id

I nstrument Host Id
Pi PDS User Id

I nstrument Nanme

I nstrument Type
Build Date

I nstrument Mass

I nstrument Length

I nstrument Wdth

I nstrument Hei ght

I nstrument Manufacturer Nane

RDRS

MGN

GPETTENGI LL
RADAR SYSTEM
RADAR
1989-01-01
126. 100000
1.350000
0.902000

0. 304000
HUGHES Al RCRAFT
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Pl at f orm Mounting Descriptions
The spacecraft +Z axis vector was in the nom nal direction of the HGA boresight. The
+X axis vector was parallel to the nom nal rotation axis of the solar panels. The +Y
axis vector formed a right-handed coordinate system and was in the nomi nal direction
of the star scanner boresight. The spacecraft velocity vector was in approxi mately
the -Y direction when the spacecraft was oriented for |eft-Iooking SAR operation.
The nomi nal HGA pol arization was linear in the y-direction.

Cone Offset Angle : 0. 00
Cross Cone Offset Angle : 0. 00
Twi st Of fset Angle : 0. 00

The altinetry antenna boresight was in the x-z plane 25 degrees fromthe +Z
direction and 65 degrees fromthe +X direction. The altinetry antenna was ai med
approxi mately toward nadir during nom nal radar operation. The altimetry antenna
pol ari zation was linear in the y-direction.

The nedi um gai n antenna boresi ght was 70 degrees fromthe +Z direction and 20
degrees fromthe -Y direction. The | ow gain antenna was nounted on the back of the
HGA feed; it's boresight was in the +Z direction and it had a hem spheri cal

radi ation pattern.

Princi pal Investigator

The Principal Investigator for the radar instrument was Gordon H. Pettengill.

For more information on the radar system see the papers by [JOHNSON1990] and
[ SAUNDERSETAL1990] .

Scientific Objectives

See M SSI ON_OBJECTI VES_SUMVARY under M SS| ON.

Oper ati onal Considerations

The Magell an radar system was used to acquire radar back-scatter(SAR) i nmages,
altinetry, and radionetry when the spacecraft was close to the planet. Nom nal
operation extended from about 20m nutes before periapsis until about 20 m nutes after
periapsis.In the SAR node output fromthe radar receiver was sanpl ed, blocks of

sanpl es were quanti zed using an adaptive procedure, and the results were stored on
tape. In the altinmetry node sanples were recorded directly, w thout quantization.
Radi onetry measurenments were stored in the radar header records. During nost of the
remai nder of each orbit, the HGA was pointed toward Earth and the contents of the
tape recorder were transmtted to a station of the DSN at approximtely 270

kil obits/second. SAR, altinetry, and radionetry data were then processed using ground
software into inmages, altinetry profiles, estimtes of backscatter coefficient,

em ssivity, and other quantities.

Cal i bration

The radar was calibrated before flight using an active electronic target sinulator
[ CUEVAS1989] .

Oper ati onal Modes
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The Magel | an radar system consisted of the follow ng sections, each of which operated
in the follow ng nodes:

Section Mode

SAR Synt hetic Aperture Radar
( SAR)

ALT Altimetry

RAD Radi onetry

(1) SAR Characteristics
In the Synthetic Aperture Radar node,

nodul ated pul ses through its high gain antenna
antenna, sinple dat the receiver output,

transmtted bursts of phase-
Echo signals were captured by the
and stored on tape after being quantized to

reduce data volunme. Pulse repetition rate and incidence angle were chosen to neet a

m ni mum si gnal - to-noise ratio requirenment

(8 dB) for

i mge pixels after ground

processing. Miltiple |ooks were used in processing to reduce speckle noise
I nci dence angles varied from about 13 degree sat the pole to about 44 degrees at

peri apsis during normal mapping operations (e.g.
profiles' were used during the m ssion

Peak transmt power
Transmitted pul se | ength

Pul se repetition frequency
Ti me bandwi dth product

I nverse baud width

Data quantization (I and Q
Recorded data rate

Pol ari zati on (nom nal)

HGA hal f - power full beam wi dth

one-way gain (from SAR RF port)

dBi System tenperature (view ng Venus)
Surface resolution (range)

(al ong track)

Nunber of | ooks

Swat h wi dt h

Ant enna | ook angl e

I nci dence angle on surface

Data Path Type
PLAYBACK | nstrument Power Consunption

(2) ALT Characteristics

After SAR bursts (typically several tines a second)
transmtted froma dedicated fan beam altineter
spacecraft's nadir. Qutput fromthe radar
stored on tape for transm ssion to Earth.
the ALTA pointed approximtely 20 deg to the |eft
peri apsis and about 10 deg to the right

pol e

Data quanti zation (I and Q
Recorded data rate
Pol ari zati on
ALTA hal f-power full beam wi dth
(al ong track)
(cross track)
one-way gain referenced to ALT RF port
dBi ALTA offset from HGA
Burst interval

During nom na

but other 'look angle

350 watts
26.5 mcrosecs
4400- 5800 per sec
60
2.26 MHz
2 bits each
750 kil obits/sec
l'i near horizonta
2.2 deg (azimnuth)
2.5 deg (elev)
35.7

1250 K
120-360 m
120- 150 m
4 or nore
25 km (approx)
13-47 deg
18- 50 deg

RECORDED DATA
© UNK

groups of altinmeter pulses were
antenna (ALTA) directed toward the
was sanpl ed, and the sanples were
| eft-1ooking SAR operation
of the spacecraft ground track at
of the ground track near the north and south

4 bits each
35 kbs
l'i near

11 deg
31 deg
. 18.9
25 deg
0.5-1.0 sec
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duration 1.0 mllisec
Dynam ¢ range : 30 dB (or nore)
Data Path Type . RECORDED DATA
PLAYBACK | nstrument Power Consunption o UNK

(3) RAD Characteristics

Radi onetry measurements were made by the radar receiver and HGA in a receive-only
node that was activated after the altinmetry node to record the level of mcrowave
radio thermale m ssion fromthe planet. Noise power within the 10-MHz receiver
bandwi dt h was detected and accurul ated for 50 ns. To reduce the sensitivity to
recei ver gain changes in this node, the receiver was connected on alternate bursts
first to a conparison dummy |oad at a known physical tenperature and then to the
HGA. The short-term tenperature resol ution was about 2K; the |long-term absol ute
accuracy after calibration was about20 K. At several times during the m ssion,
radi onetry measurements were carried out using known cosm c radi o sources.

Recei ver Bandwi dth ;10 MHz
Integration Tine . 50 mllisecs
Pol ari zati on (nom nal) : linear horizontal
Data Quanti zation : 12 bits
Dat a Rate : 10-48 bits/sec
HGA hal f - power full beam wi dth : 2.2 deg
System tenperature (view ng Venus) : 1250 K
Ant enna | ook angle : 13-47 deg
I nci dence angl e on surface : 18-50 deg
Surface resolution (along track) : 15-120 km
(cross track) : 20-125 km
Data Path Type . RECORDED DATA PLAYBACK
I nstrument Power Consunption o UNK "
END_OBJECT = | NSTRUMENT_| NFORMATI ON
OBJECT = | NSTRUMENT_REFERENCE_I NFO
REFERENCE_KEY_I| D = " CUEVAS1989"
END_OBJECT = | NSTRUMENT_REFERENCE_| NFO
OBJECT = | NSTRUMENT_REFERENCE_I NFO
REFERENCE_KEY_I| D = " JOHNSON1990"
END_OBJECT = | NSTRUMENT_REFERENCE_| NFO
OBJECT = | NSTRUMENT_REFERENCE_I NFO
REFERENCE_KEY_I| D = " SAUNDERSETAL1990"
END_OBJECT = | NSTRUMENT_REFERENCE_| NFO
END_OBJECT = | NSTRUMENT

END



B-44 Appendix B. Complete PDS Catalog Object Set

B.15 INSTRUMENT_HOST

The INSTRUMENT _HOST catalog object is used to describe avariety of instrument hosts, such asa
spacecraft or an earth-based observatory.

B.15.1 Required Keywords

1. INSTRUMENT_HOST_ID

B.15.2 Optional Keywords

None

B.15.3 Required Objects

1. INSTRUMENT_HOST_INFORMATION
2. INSTRUMENT_HOST_REFERENCE_INFO

B.15.4 Optional Objects

None

B.15.5 Usage Notes

One INSTRUMENT_HOST _INFORMATION catalog object must be completed for each instrument
host. An INSTRUMENT_HOST_REFERENCE _INFO catalog object is required for each individua
reference associated with the instrument host. All references should be included that are rlevant to
providing more detailed / specific ingrument host information; such as, description of the instrument
hogt, instrument host documentation, review results, etc. These references may include published
articles, books, papers, eectronic publications, etc.

B.15.6 Example

/* Tenplate: |Instrument Host Tenpl ate Rev: 1993-09-24
*/
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/* Note: Conplete one tenplate for each instrument host. Identify each
*/
/* i nstrument host reference by repeating the 3 lines for the
*/
/* | NSTRUMENT_HOST_REFERENCE_| NFO obj ect. Al so conplete a separate
*/
/* REFERENCE t enpl ate for each new reference submtted to PDS.
*/
/* Hierarchy: I NSTRUMENT_HOST */
/* | NSTRUMENT_HOST_| NFORMATI ON
*/
/* | NSTRUMENT_HOST_REFERENCE_| NFO */
PDS_VERSI ON_I D = PDS3
LABEL_REVI SI ON_NOTE = "1998-07-01, Richard Sinmpson (STANFORD), initial;"
RECORD_TYPE = " STREAM'
OBJECT = | NSTRUMENT_HOST
| NSTRUMENT_HOST_I D = " MGN"
OBJECT = | NSTRUMENT_HOST_ | NFORMATI ON
| NSTRUMENT_HOST_NAME = " MAGELLAN"
I NSTRUMENT_HOST_TYPE =

" SPACECRAFT"
I NSTRUMENT_HOST_DESC ="

I nstrument Host Overview

The Magel | an spacecraft was built by the Martin Marietta Corporation. The spacecraft
structure included four major sections: High-Gain Antenna (HGA), Forward Equi pnent
Modul e (FEM), Spacecraft Bus (including the solar array), and the Orbit Insertion

St age. Spacecraft subsystens included those for thermal control, power, attitude
control, propul sion, command data and data storage, and tel ecomunications.

The Magell an tel ecommuni cati ons subsystem contained all the hardware necessary to

mai ntain communi cati ons between Earth and the spacecraft. The subsystem contained the
radio frequency subsystem the LGA, MGA, and HGA. The RFS perforned the functions of
carrier transpondi ng, conmand detection and decoding, and telemetry nodul ati on. The
spacecraft was capable of sinmultaneous X-band and S-band uplink and downli nk
operations. The S-band operated at a transmitter power of 5 W while the X-band
operated at a power of 22 W Uplink data rates were 31.25 and 62.5 bps (bits per
second) with downlink data rates of 40 bps (enmergency only), 1200 bps (real-tine

engi neering rate), 115.2 kbps (kilobits per second) (radar down |ink backup), and
268. 8 kbps (nomnal).

For more information on the Magell an spacecraft see the papers by [ SAUNDERSETAL1990]
and [ SAUNDERSETAL1992]. "

END_OBJECT = | NSTRUMENT_HOST_| NFORMATI ON

OBJECT = | NSTRUMENT_HOST_REFERENCE_I NFO
REFERENCE_KEY_I D = " SAUNDERSETAL1990"

END_OBJECT = | NSTRUMENT_HOST_REFERENCE_| NFO

OBJECT = | NSTRUMENT_HOST_REFERENCE_I NFO
REFERENCE_KEY_I D = " SAUNDERSETAL1992"

END_OBJECT = | NSTRUMENT_HOST_REFERENCE_| NFO

END_OBJECT = | NSTRUMENT_HOST

END
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B.16 INSTRUMENT_HOST_INFORMATION

The INSTRUMENT_HOST _INFORMATION object, a sub-object of the INSTRUMENT_HOST
catalog object, provides adescription of an instrument host. For spacecraft, this typicaly includes
paragraphs on the various subsystems. Earth-based instrument host descriptions generaly focus on
geographic and facility dements.

B.16.1 Required Keywords

1. INSTRUMENT_HOST_DESC
2. INSTRUMENT_HOST_NAME
3. INSTRUMENT_HOST_TYPE

B.16.2 Optional Keywords

None

B.16.3 Required Objects

None

B.16.4 Optional Objects

None

B.16.5 Usage Notes

The INSTRUMENT_HOST _DESC keyword contains a text description of the spacecraft or ground
observatory. It should contain at least one heading, “Instrument Host Overview”. This section should
provide a high-level description of the characteristics and properties of the host. Other headings and
sub-headings may be added as needed.

B.16.6 Example

See the example for the INSTRUMENT _HOST object in Section B.15.5.
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B.17 INSTRUMENT_HOST_REFERENCE_INFO

The INSTRUMENT_HOST _REFERENCE_INFO object, a sub-object of the
INSTRUMENT_HOST catalog object, associates areference with an indrument host. A separate
object must be completed for each reference cited within the INSTRUMENT_HOST catalog object.

A separate REFERENCE catal og object is completed to provide the associated citation for each
reference.

B.17.1 Required Keywords

1. REFERENCE_KEY_ID

Note: If there are no relevant references to cite, the REFERENCE_KEY _ID should have avdue of
"N/A".

B.17.2 Optional Keywords

None

B.17.3 Required Objects

None

B.17.4 Optional Objects

None

B.17.5 Example

See the example for the INSTRUMENT _HOST object in Section B.15.5.
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B.18 INSTRUMENT_INFORMATION

The INSTRUMENT _INFORMATION catalog object provides a description of the instrument.

B.18.1 Required Keywords

1. INSTRUMENT_DESC
2. INSTRUMENT_NAME
3. INSTRUMENT_TYPE

B.18.2 Optional Keywords

None

B.18.3 Required Objects

None

B.18.4 Optional Objects

None

B.18.5 Usage Notes

The following paragraph headings and suggested contents for the INSTRUMENT _DESC text are
srongly recommended as the minima set of information necessary to adequately describe an instrument.
Additiona headings may be appropriate for specific insruments and these dso may be added here.
Should any of the recommended headings not appear within the description, they will be consdered not
applicable to the data set.

Insrument Overview
A high-level description of the characteritics and properties of an instrument

Scientific Objectives
The scientific objectives of data obtained from thisinstrument
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Cdibration
Methods/procedures/schedul es of instrument cdibration (calibration stability, parameters, etc.)

Operational Considerations
Specid circumstances or events that affect the instrument’ s ability to acquire high qudity data,

and which are reflected in the archive product. For example: spacecraft charging; thruster
firings, contamination from other instruments, ar qudity; temperatures, etc.

Detectors
General description of the detector(s), including things like type of detector used, sengitivity and
noise levels, detector fields of view, geometric factors, instrument/detector mounting
descriptions (offset angles, pointing positions, etc.)

Electronics
Description of the instrument electronics and internd data processing (A-D converter)

Filters
Description of instrument filters and filter calibrations (filter type, center wavelength, min/max
wavelength), as applicable

Optics
Description of instrument optics (focd lengths, tranamittance, diameter, resolution, t_number,
etc.), as gpplicable

L ocation
Latitude and longitude location, for earth-based instruments

Operational Modes
Description of instrument configurations for data acquisitions. Description of “modes’ (scan,

gan, etc.) of data acquisition and of measured parameter(s) and/or data sampling rates or
schemes used in each mode

Subsystems
Logicd subsystems of the ingrument, including descriptions of each subsystem, how it's used,

which “modes” make use of which subsystem, etc.

Measured Parameters
Description of what the instrument measures directly (particle counts, magnetic fied
components, radiance, current/voltage ratios, etc.), plus descriptions and definitions of these
measurements (min/max, noise levels, units, time interva between measurements, etc.)
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OTHER - Data Supplier provided: Any other important information in additional headings as desired
(e.g., data reduction, data compression, time-tagging, diagnogtics, tc.)

B.18.6 Example

See the example for the INSTRUMENT object in Section B.14.5.
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B.19 INSTRUMENT_REFERENCE_INFO

The INSTRUMENT _REFERENCE_INFO catalog object associates a reference with an instrument
description. A separate object must be completed for each reference cited within the INSTRUMENT
catalog object. Include any important references such as instrument description and calibration
documents. These can be published articles, internd documents or informa memoranda.

A separate REFERENCE catalog object is completed to provide the associated citation for each
reference.

B.19.1 Required Keywords

1. REFERENCE _KEY_ID

Note: If there are no relevant referencesto cite, the REFERENCE _KEY _ID should have avaue of
IIN/AII .

B.19.2 Optional Keywords

None

B.19.3 Required Objects

None

B.19.4 Optional Objects

None

B.19.5 Example

See the example for the INSTRUMENT object in Section B.14.5.
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B.20 INVENTORY

One INVENTORY catalog object is completed for each node responsible for orderable data sets from
the PDS catalog. This object provides the inventory information necessary to facilitate the ordering of
these data sets.

B.20.1 Required Keywords

1. NODE_ID

B.20.2 Optional Keywords

None

B.20.3 Required Objects

1. INVENTORY_DATA_SET_INFO

B.20.4 Optional Objects

None

B.20.5 Example

/* Tenplate: InventoryTenpl ate Rev: 1990-03-20
*/

/* Note: The | NVENTORY tenplate shall be conpleted once for each node that is responsible
*/
/* for orderable data sets fromthe PDS catal og. The follow ng hierarchy of tenplates
provide */

/* the necessary inventory information which will facilitate the ordering of these data
sets. */
/* Hierarchy: | NVENTORY */
/* | NVENTORY_DATA_SET_I NFO
*/
/* | NVENTORY_NODE_MEDI A_| NFO
*/
OBJECT I NVENTORY

NODE_I D "1 MAGI NG’
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OBJECT
PRODUCT _DATA_SET_I D

OBJECT

MEDI UM_TYPE

MEDI UM_DESC

COPI ES

| NVENTORY_SPECI AL_ORDER_NOTE
END_OBJECT

OBJECT

MEDI UM_TYPE

MEDI UM_DESC

COPI ES

I NVENTORY_SPECI AL_ORDER_NOTE
END_OBJECT

END_OBJECT
END_OBJECT

OBJECT
NODE_| D

OBJECT
PRODUCT _DATA_SET_I D

OBJECT

MEDI UM_TYPE

MEDI UM_DESC

COPI ES

| NVENTORY_SPECI AL_ORDER_NOTE
END_OBJECT

END_OBJECT
END_OBJECT
END
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| NVENTORY_DATA_SET_I NFO
"VG2- N- | SS- 2- EDR- V1. 0"

I NVENTORY_NODE_MEDI A_I NFO
"MAG TAPE"
"I NDUSTRY STD 1/2IN; 1600 OR 6250 BPI"

1
" Not

applicable."

| NVENTORY_NODE_MEDI A_| NFO

| NVENTORY_NODE_MEDI A_I NFO

" CD- ROM'
" Conpact
1

" Not

NVENTORY

NVENTORY
' NSSDC*

Di sk"

applicable.”
NVENTORY_NODE_MEDI A_| NFO

NVENTORY_DATA_SET_I| NFO

| NVENTORY_DATA_SET_I NFO
"VG2- N- | SS- 2- EDR- V1. 0"

I NVENTORY_NODE_MEDI A_| NFO

" CD- ROM'
" Conpact
1

" Not

Di sk"

applicable."

| NVENTORY_NODE_MEDI A_| NFO

| NVENTORY_DATA_SET_I NFO

I NVENTORY
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B.21 INVENTORY_DATA_SET_INFO

The INVENTORY_DATA_SET_INFO object, sub-object of the INVENTORY catalog object,
identifies a data set through the DATA_SET _ID. Thisobject is repeated once for each orderable and
cataloged PDS data set.

B.21.1 Required Keywords

1. PRODUCT DATA_SET ID

B.21.2 Optional Keywords

None

B.21.3 Required Objects

1. INVENTORY_NODE_MEDIA_INFO

B.21.4 Optional Objects

None

B.21.5 Example

See the example for the INVENTORY aobject in Section B.20.5.
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B.22 INVENTORY_NODE_MEDIA_INFO

The INVENTORY_NODE_MEDIA_INFO object, a sub-object of the
INVENTORY _DATA_SET INFO object, provides information about a data set’ s distribution
medium. This object is repested for each type of distribution medium.

B.22.1 Required Keywords

COPIES
INVENTORY_SPECIAL_ORDER_NOTE
MEDIUM_DESC

MEDIUM_TYPE

AwbdpE

B.22.2 Optional Keywords

None

B.22.3 Required Objects

None

B.22.4 Optional Objects

None

B.22.5 Example

See the example for the INVENTORY object in Section B.20.5.
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B.23 MISSION

The MISSION catalog object is used to submit information about a misson or observing campaign to
PDS. Sub-objects are included for identifying associated instrument hosts, targets, and references.

B.23.1 Required Keywords

1. MISSION_NAME

B.23.2 Optional Keywords

None

B.23.3 Required Objects

1. MISSION_HOST
2. MISSION_INFORMATION
3. MISSION_REFERENCE INFORMATION

B.23.4 Optional Objects

None

B.23.5 Usage Notes

One MISSION_INFORMATION catalog object must be completed for each misson. A
MISSION_HOST catalog object must be completed for each misson host associated with the mission,
and one MISSION_REFERENCE _INFORMATION catalog object isrequired for each individua
reference associated with the mission (e.g., articles, papers, memoranda, published data, etc.). All
references should be included that are rdlevant to providing more detailed / specific mission information;
such as, description of the mission, phases of the misson, mission objectives, misson documentation,
review results, etc. These references may include published articles, books, papers, dectronic
publications, €tc.
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B.23.6 Example

/* Tenplate: M ssion Tenplate Rev: 1993-09-24
*/
/* Note: Conplete one tenplate for each m ssion or canpaign. ldentify */
/* mul tiple hosts associated with the mi ssion by repeating the
*/
/* l'ines beginning and ending with the M SSI ON_HOST val ues. For */
/* each instrunent_host identified, repeat the 3 lines for the
*/
/* M SSI ON_TARGET obj ect for each target associated with the host.
*/
/* Al so conplete a separate REFERENCE tenpl ate for each new
*/
/* reference submtted to PDS
*/
/* Hierarchy: M SSI ON */
/* M SSI ON_I NFORMATI ON */
/* M SSI ON_HOST */
/* M SSI ON_TARCET */
/* M SSI ON_REFERENCE_| NFORMATI ON
*/
PDS_VERSI ON_I D = PDS3
LABEL_REVI SI ON_NOTE = "1998-07-01, Richard Sinpson (STANFORD), initial;"
RECORD_TYPE = STREAM
OBJECT = M SSI ON
M SSI ON_NAME = " MAGELLAN"
OBJECT = M SSI ON_I NFORMATI ON
M SSI ON_START_DATE = 1989-05-04
M SSI ON_STOP_DATE = UNK
M SSI ON_ALI AS_NAME = { "Venus Radar Mapper (VRM", "SP-18" }

M SSI ON_DESC ="

M ssi on Overvi ew

The Magel | an spacecraft was | aunched fromthe Kennedy Space Center on 4 May 1989. The
spacecraft was deployed fromthe Shuttle cargo bay after the Shuttle achi eved parking
orbit. Magellan, using an inertial upper stage rocket, was then placed into a Type IV
transfer orbit to Venus where it carried out radar mapping and gravity studies
starting in August 1990. The M ssion has been described in many papers including two
speci al issues of the Journal of Geophysical Research [ VRMPP1983; SAUNDERSETAL1990
JGRMGN1992]. The radar systemis also described in [JOHNSON1990].

The aerobraki ng phase of the m ssion was designed to change the Magellan orbit from
eccentric to nearly circular. This was acconplished by dropping periapsis to | ess
than 150 km above the surface and using atnmospheric drag to reduce the energy in the
orbit. Aerobraking ended on 3 August 1993, and periapsis was boosted above the

at nosphere | eaving the spacecraft in an orbit that was 540 km above the surface at
apoapsis and 197 km above the surface at periapsis. The orbit period was 94 m nutes
The spacecraft remnined on its nediumgain antenna in this orbit until Cycle 5 began
officially on 16 August 1993

During Cycles 5 and 6 the orbit was | ow and approximately circul ar. The enphasis was
on collecting high-resolution gravity data. Two bistatic surface scattering
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experinments were conducted, one on 6 October (orbits 9331, 9335, and 9336) and the
second on 9 Novenber (orbits 9846-9848).

M ssi on Phases
M ssi on phases were defined for significant spacecraft activity periods. During

orbital operations a ‘cycle’ was approximately the time required for Venus to rotate
once under the spacecraft (about 243 days). But there were orbit adjustnents and
other activities that made some mapping cycles not strictly contiguous and slightly
Il onger or shorter than the rotation period.

PRELAUNCH

The prel aunch phase extended from delivery of the spacecraft to Kennedy Space Center

until the start of the launch countdown.

Spacecraft Id © MGN

Tar get Name : VENUS

M ssion Phase Start Tine 1988-09-01
M ssi on Phase Stop Tinme 1989- 05-04
Spacecraft Operations Type ORBI TER

LAUNCH

The | aunch phase extended fromthe start of
injection into the Earth- Venus trajectory.

I aunch countdown until conpletion of the

ORBI T | NSERTI ON

The Venus orbit

insertion phase extended from 10 days before Venus orbit

Spacecraft Id : MGN

Tar get Nane : VENUS

M ssion Phase Start Tine 1989- 05- 04

M ssion Phase Stop Tine 1989- 05- 04

Spacecraft Operations Type ORBI TER
CRUI SE

The crui se phase extended frominjection into the Earth-Venus trajectory until 10

days before Venus orbit insertion.

Spacecraft Id : MGN

Tar get Name : VENUS

M ssion Phase Start Tine 1989- 05- 04

M ssi on Phase Stop Tine 1990- 08-01

Spacecraft Operations Type ORBI TER

insertion

until burnout of the solid rocket injection notor.

Spacecraft I|d MGN

Tar get Name VENUS

M ssion Phase Start Tine 1990- 08-01
M ssi on Phase Stop Tine 1990- 08-10
Spacecraft Operations Type ORBI TER

ORBI T CHECKOUT

The orbit trim and checkout
injection motor until

phase extended from burnout of the solid rocket

the begi nning of radar mapping.
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Spacecraft Id

Tar get Name

M ssion Phase Start Tine
M ssion Phase Stop Tine
Spacecraft Operations Type

MAPPI NG CYCLE 1

The first mapping cycle extended from conpletion of the orbit trim and checkout

phase until conpletion of one cycle of

Spacecraft Id

Tar get Name

M ssion Phase Start Tine
M ssi on Phase Stop Tine
Spacecraft Operations Type

MAPPI NG CYCLE 2

The second mappi ng cycle extended from conpletion of the first mapping cycle through

an additional cycle of mapping. Acquisition of
enphasi zed. Radi o occul tation nmeasurenments were carried out
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MGN

VENUS
1990-08-10
1990-09-15
ORBI TER

mappi ng (approxi mately 243 days)

MGN

VENUS
1990-09-15
1991-05-15
ORBI TER

"right-1ooking'" SAR data was

on orbits 3212-3214. A

period of battery reconditioning followed conpletion of Cycle 2

Spacecraft Id

Tar get Name

M ssion Phase Start Tine
M ssion Phase Stop Tine
Spacecraft Operations Type

MAPPI NG CYCLE 3

The third mapping cycle extended from conpletion of battery reconditioning through

an additional cycle of mapping (approxi mately 243 days).
data was enphasi zed. The | ast

Spacecraft Id

Tar get Name

M ssion Phase Start Tine
M ssion Phase Stop Tine
Spacecraft Operations Type

MAPPI NG CYCLE 4

The fourth mapping cycle extended from conpletion of the third mapping cycle through

an additional cycle of mapping. Acquisition of

MGN

VENUS
1991-05-16
1992-01-17
ORBI TER

Acqui sition of 'stereo' SAR
inthe third cycle was orbit5747

MGN

VENUS
1992-01-24
1992-09-14
ORBI TER

radi o tracking data for gravity

studi es was enphasi zed. Radi o occultation neasurenents were carried out on orbits

6369, 6370, 6471, and 6472
collection at the beginning of the cycle

Because of poor

observing geonetry for gravity data
this cycle was extended 10 days beyond the

nom nal 243 days. Orbits included within the fourth cycle were 5748 through 7626

Peri apsis was | owered on orbit

Cycle 4.

Spacecraft Id

Tar get Name

M ssi on Phase Start Tine
M ssion Phase Stop Tinme
Spacecraft Operations Type

AEROBRAKI NG

5752to inprove sensitivity to gravity features in

MGN

VENUS
1992-09-14
1993- 05-25
ORBI TER
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The aerobraki ng phase extended from conpl eti on of
achi evement of a near- circular

B-61

the fourth mapping cycle through
orbit.Circul ari zati on was achi eved nore quickly than

expected; the first gravity data collection in the circular orbit was not schedul ed
until 11 days later. Orbits included within the aerobraking phase were 7627 through

8392.

Spacecraft I|d

Tar get Name

M ssion Phase Start Tine
M ssi on Phase Stop Tine

Spacecraft Operations Type

MAPPI NG CYCLE 5

MGN

VENUS
1993-05- 26
1993-08-05
ORBI TER

The fifth mapping cycle extended from conpletion of the aerobraking phase through an

addi tional cycle of mapping (approximtely 243 days).
data for gravity studies was enphasized. The first orbit

orbit 8393.

Spacecraft Id

Tar get Name

M ssion Phase Start Tine
M ssi on Phase Stop Tine

Spacecraft Operations Type

MAPPI NG CYCLE 6

Acqui sition of radio tracking
inthe fifth cycle was

MGN

VENUS
1993-08-16
1994-04-15
ORBI TER

The sixth mapping cycle extended from conpletion of the fifth mapping cycle through

an additional cycle of mapping (approxi mately 243 days).
tracking data for gravity studies was enphasi zed.

was orbit 12249.

Spacecraft Id

Tar get Name

M ssi on Phase Start Tine
M ssion Phase Stop Tine

Spacecraft Operations Type

M SSI ON_OBJECTI VES_SUMVARY

M ssion Objectives Overview

Acqui sition of radio

orbit in the sixth cycle

MGN

VENUS
1994-04-16
TBD

ORBI TER"

Magel | an i mages of the Venus surface show wi despread evidence for volcanic activity.
A maj or goal of the Magellan mission was to provide a detailed gl obal
characterization of volcanic land forms on Venus and an understandi ng of the

mechani cs of volcanismin the Venus context.

Of particular

interest was the role of

vol canismin transporting heat through the lithosphere.VWile this goal will largely

be acconplished by a careful

anal ysi s of

i mges of vol canic features and of the

geol ogi cal relationships of these features to tectonic and inpact structures, an

essential aspect of characterization will
altimetry and ot her nmeasurenments of surface properties....

be an integration of imge data with

For more information on volcanic and tectonic investigations see papers by

[ HEADETAL1992] and [ SOLOMONETAL1992] ,

| npact Processes

respectively.
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The final physical formof an inpact crater has meaning only when the effects of the
cratering event and any subsequent nodification of the crater can be distinguished
To this end, a careful search of the SAR i mages can identify and characterize both
relatively pristine and degraded inmpact craters, together with their ejecta deposits
(in each size range) as well as distinguishing inpact craters fromthose of volcanic
origin. The topographic measures of depth-to-diameter ratio, ejecta thickness
distribution as a function of distance fromthe crater, and the relief of centra
peaks contribute to this docunentation

For more information on investigations of inpact processes see[ SCHABERETAL1992] .

Erosi onal , Depositional, and Chem cal Processes
The nature of erosional and depositional processes on Venus is poorly known,
primarily because the diagnostic |andforms typically occur at a scale too small to
have been resolved in Earth-based or Venera 15/16 radar inmages. Magellan i mages show
wi nd eroded terrains, |landforms produced by deposition (dunefields), possible
| andsl i des and ot her down slope novenments, as well as aeolian features such as radar
bri ght or dark streaks 'downwi nd' from prom nent topographic anonmalies. One neasure

of weathering, erosion, and deposition is provided by the extent to which soi

covers the surface (for Venus,

the termsoil is used for porous material, as inplied

by its relatively | ow value of bulk dielectric constant). The existence of such
material, and its dependence on el evati on and geol ogic setting, provide inportant
insights into the interactions that have taken place between the atnosphere and the

l'ithosphere

For nore information on erosional
by [ ARVI DSONETAL1992],

I sostatic and Convective Processes

depositional, and chem cal processes see papers

[ GREELEYETAL1992], and [ GREELEYETAL1994].

Topography and gravity are intimately and inextricably related, and nust be jointly
exam ned when undertaki ng geophysical investigations of the interior of a planet,
where isostatic and convective processes dom nate. Topography provides a surface

boundary condition for

nmodel ing the interior density of Venus.

For more information on topography and gravity see papers by[ FORD&PETTENG LL1992]

[ KONOPLI VETAL1993],

END_OBJECT

OBJECT
I NSTRUMENT_HOST_I D

and[ MCNAMEEETAL1993] . "

= M SSI ON_I NFORMATI ON

M SSI ON_HOST

OBJECT = M SSI ON_TARGET
TARGET_NAME = " VENUS"
END_OBJECT = M SSI ON_TARGET
END_OBJECT = M SSI ON_HOST
OBJECT = M SSI ON_REFERENCE_| NFORMATI ON
REFERENCE_KEY_I D = " ARVI DSON1991"
END_OBJECT = M SSI ON_REFERENCE_| NFORVATI ON
OBJECT = M SSI ON_REFERENCE_| NFORMATI ON
REFERENCE_KEY_I D = " ARVI DSONETAL1992"
END_OBJECT = M SSI ON_REFERENCE_| NFORMATI ON
OBJECT = M SSI ON_REFERENCE_| NFORMATI ON
REFERENCE_KEY_I D = " CAMPBELLETAL1992"
END_OBJECT = M SSI ON_REFERENCE_| NFORMATI ON
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OBJECT
REFERENCE_KEY_| D
END_OBJECT

OBJECT
REFERENCE_KEY_| D
END_OBJECT

END_OBJECT
END

M SSI ON_REFERENCE_| NFORMATI ON
"TYLER1992"
M SSI ON_REFERENCE_| NFORMATI ON

M SSI ON_REFERENCE_| NFORMATI ON
" VRMPP1983"
M SSI ON_REFERENCE_| NFORMATI ON

M SSI ON

B-63
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B.24 MISSION HOST

The MISSION_HOST object, a sub-object of the MISSION catal og object, is completed for each
instrument host associated with amission or observing campaign. If thereis more than one instrument
host involved in the mission, this object is repeated.

B.24.1 Required Keywords

1. INSTRUMENT HOST ID

B.24.2 Optional Keywords

None

B.24.3 Required Objects

1. MISSION_TARGET

B.24.4 Optional Objects

None

B.24.5 Example

See the example for the MISSION object in Section B.23.5.
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B.25 MISSION_INFORMATION

The MISSION_INFORMATION object, asub-object of the MISSION catalog object, provides
gart and stop times and text descriptions of amission (or observing campaign) and its objectives.
Suggested content includes agency involvement, spacecraft/observatory utilized, misson scenario
including phases, technology and scientific objectives.

B.25.1 Required Keywords

MISSION_ALIAS NAME
MISSION_DESC
MISSION_OBJECTIVES SUMMARY
MISSION_START DATE
MISSION_STOP DATE

gk owbdNE

B.25.2 Optional Keywords

None

B.25.3 Required Objects

None

B.25.4 Optional Objects

None

B.25.5 Usage notes

The following paragraph headings and suggested contents for the MISSION_DESC and
MISSION_OBJECTIVES SUMMARY text are strongly recommended as the minimal set of
information necessary to adequately describe a misson or observing campaign. Additiona headings may
be added as needed.
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B.255.1 MISSION_DESC Headings

Mission Overview
A high-level description of amission

Mission Phases
A description of each phase of a misson, starting with the pre-launch phase and continuing
through end-of-mission, including: tart and stop times of each phase; intended operations;
targets, and mission phase objectives

B.25.5.2 MISSION_OBJECTIVES SUMMARY Headings

Misson Objectives Overview
A high-leve description of the objectives of the misson

B.25.6 Example

See the example for the MISSION object in Section B.23.5.
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B.26 MISSION_REFERENCE_INFORMATION

The MISSION_REFERENCE_INFORMATION object, a sub-object of the MISSION catalog
object, associates areference with amisson. A separate object must be completed for each reference
cited within the MISSION catalog object.

A separate REFERENCE catal og object is completed to provide the associated citation for each
reference.

B.26.1 Required Keywords

1. REFERENCE_KEY_ID

Note: If there are no relevant references to cite, the REFERENCE_KEY _ID should have avdue of
"N/A".

B.26.2 Optional Keywords

None

B.26.3 Required Objects

None

B.26.4 Optional Objects

None

B.26.5 Example

See the example for the MISSION object in Section B.23.5.
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B.27 MISSION_TARGET

The MISSION_TARGET object, a sub-object of the MISSION_HOST catalog object, associates a
target with amission host. One MISSION_TARGET catdog object is completed for each target
associated with amisson host.

B.27.1 Required Keywords

1. TARGET_NAME

B.27.2 Optional Keywords

None

B.27.3 Required Objects

None

B.27.4 Optional Objects

None

B.27.5 Example

See the example for the MISSION object in Section B.23.5.
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B.28 PERSONNEL

The PERSONNEL catalog object is used to provide new or updated information for personnel
associated with PDS in some capacity. Associated personne include data suppliers and producers for
data sets or volumes archived with PDS, as well as PDS node personnel and contacts within other
agencies and inditutions.

B.28.1 Required Keywords

1. PDS USER ID

Note: With respect to new submissions, contact a PDS Data Engineer to obtain avdid and unique
PDS USER ID. Thevaueis condructed usng theinitid of the first name and the last name (e.g., John
Smith would become PDS USER ID =“JSMITH"). The Data Engineer will ensure that the newly
congtructed value does not conflict with a previous entry in the catalog.

B.28.2 Optional Keywords

None

B.28.3 Required Objects

1. PERSONNEL_ELECTRONIC_MAIL
2. PERSONNEL_INFORMATION

B.28.4 Optional Objects

None

B.28.5 Usage Notes

One PERSONNEL_INFORMATION catalog object must be completed for each person. One
PERSONNEL ELECTRONIC MAIL cataog object must be completed for each email address
associated with the person. That is, if there is more than one email address, this object is repested.
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B.28.6 Example

/* Tenpl ate: Personnel Tenplate Rev: 1993-09-24 */
/* Note: Conpl ete one for each new PDS user, data supplier, or data */
/*producer. |If more than one electronic mail address is available */
/*repeat the lines for the PERSONNEL_ELECTRONI C_MAI L object. */
/* Hierarchy: PERSONNEL */
/* PERSONNEL _| NFORMATI ON
*/
/* PERSONNEL _ELECTRONI C_MAI L */
PDS_VERSI ON_I D = PDS3
LABEL_REVI SI ON_NOTE = "1998-07-01, Richard Sinpson (STANFORD), initial;"
RECORD_TYPE = STREAM
OBJECT = PERSONNEL
PDS_USER_I D = PFORD
OBJECT = PERSONNEL_| NFORMATI ON

FULL_NAME = "PETER G. FORD'

LAST_NAME = FORD

TELEPHONE_NUMBER = "6172536485"

ALTERNATE_TELEPHONE_NUMBER = "6172534287"

FAX_NUMBER = "6172530861"

I NSTI TUTI ON_NAME = "MASSACHUSETTS | NSTI TUTE OF TECHNOLOGY"

NODE_| D = " GEOSCI ENCE"

PDS_AFFI LI ATI ON = "NODE OPERATI ONS MANAGER"

PDS_ADDRESS_BOOK_FLAG =Y

REG STRATI ON_DATE = 1990-02- 06

ADDRESS_TEXT = "Massachusetts Institute of Technol ogy

Center for Space Research Building 37-601
Canbri dge, MA 02139"

END_OBJECT = PERSONNEL_I NFORMATI ON
OBJECT = PERSONNEL_ELECTRONI C_MAI L
ELECTRONIC_MAIL_ID = "PGF@PACE. M T. EDU"
ELECTRONI C_MAI L_TYPE = "| NTERNET"
PREFERENCE_I D =1
END_OBJECT = PERSONNEL_ELECTRONI C_MAI L
OBJECT = PERSONNEL_ELECTRONI C_MAI L
ELECTRONI C_MAI L_I D = " PFORD"
ELECTRONI C_MAI L_TYPE = "NASAMAI L"
PREFERENCE_I D =2
END_OBJECT = PERSONNEL_ELECTRONI C_MAI L
OBJECT = PERSONNEL_ELECTRONI C_MAI L
ELECTRONIC_MAIL_ID = "JPLPDS: : PFORD"
ELECTRONI C_MAI L_TYPE = "NSI / DECNET"
PREFERENCE_I D =3
END_OBJECT = PERSONNEL_ELECTRONI C_MAI L
END_OBJECT = PERSONNEL

END
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B.29 PERSONNEL_ELECTRONIC_MAIL

The PERSONNEL_ELECTRONIC_MAIL object, a sub-object of the PERSONNEL catalog object,
provides dectronic mail information for an individud. This object may be repeated if more than one
electronic mail address is gpplicable.

B.29.1 Required Keywords

1. ELECTRONIC_MAIL_ID
2. ELECTRONIC_MAIL_TYPE
3. PREFERENCE_ID

B.29.2 Optional Keywords

None

B.29.3 Required Objects

None

B.29.4 Optional Objects

None

B.29.5 Example

See the example for the PERSONNEL object in Section B.28.5.
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B.30 PERSONNEL_INFORMATION

The PERSONNEL_INFORMATION object, asub-object of the PERSONNEL catal og object,
provides name, address, telephone, and related information for an individud.

B.30.1 Required Keywords

ADDRESS TEXT
ALTERNATE_TELEPHONE _NUMBER
FAX_NUMBER

FULL_NAME

INSTITUTION_NAME

LAST NAME

NODE_ID

PDS_AFFILIATION

. REGISTRATION_DATE

10. TELEPHONE._NUMBER

CoNogakrwWwNE

B.30.2 Optional Keywords

1. PDS ADDRESS BOOK_FLAG

B.30.3 Required Objects

None

B.30.4 Optional Objects

None

B.30.5 Example

See the example for the PERSONNEL object in Section B.28.5.
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B.31 REFERENCE

The REFERENCE catalog object provides a citation and a unique identifier for every journd article,
book, chapter, or other reference mentioned in a CATALOG object or one of its components
(MISSION, INSTRUMENT HOST, INSTRUMENT, DATA SET, etc.).

One REFERENCE catalog object should be completed for each reference associated with a
CATALOG (or component) object. Sincethe god in generating REFERENCE cataog objectsisto
provide additiona externd long-term documentation, care should be exercised in selecting candidate
references. Internal documents, informa memoranda, and other unpublished materid should be avoided.

A REFERENCE should cite published data, such as other PDS archives. Multiple REFERENCE
catalog objects are often assembled into asngle REF.CAT file to accompany an archive.

B.31.1 Required Keywords

1. REFERENCE_KEY_ID
2. REFERENCE_DESC

B.31.2 Optional Keywords

None

B.31.3 Required Objects

None

B.31.4 Optional Objects

None

B.31.5 Usage Notes

The following examples show how to cite various types of information in REFERENCE catalog objects
for PDS archive products. PDS has elected to use the American Geophysica Union (AGU) reference
citation formats. The information presented within this section was derived from and complies with
AGU’sformats for publication (see www.agu.org/pubs/references.html for more information). For
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assistance in determining the proper format for a citation that does not fit within one of the categories
described here, contact a PDS Data Engineer.

B.31.5.1 Materials Appropriate for Inclusion in a REFERENCE Catalog Object

Each article, book, report, eectronic collection (CD-ROM or dectronic publication), thess, or smilar
publication used in documenting a PDS archivad product should be defined by a REFERENCE catdog
object.

B.31.5.2 Materials Inappropriatefor Incluson in a REFERENCE Catalog Object

Unpublished materids such as personal communications, unpublished reports, papers presented at
meetings, and manuscripts in preparation or submitted for publication but not yet formally accepted are
not alowed in REFERENCE cata og objects; PDS does not consider them to be part of the literature.
Likewise, interna memoranda and documents should be avoided unless they can be accessed by
outsde users. Papers accepted but without fina publication data (volume, page numbers, dates, etc.)
are discouraged since the information in the REFERENCE cata og object would be incomplete and
need to be updated |ater.

In cases where it would be desirable to credit another author or group for contributions or prior work,
anin-line text acknowledgement or citation is acceptable, even when the materid is not readily
accessble. If such materid is required for understanding the archive, the norma congraints apply,
however.

B.31.5.3 Reference List Citations

The most widely accessible source of a particular piece of materid should be cited. For example, if an
aticde exigs as an internd publication and in aprofessona journa, the latter should be used in the
REFERENCE cataog object.

B.31.5.4 Construction of REFERENCE_KEY_ID

1. For asingle author, the REFERENCE_KEY _ID comprises the author's surname followed by
the year of the publication (e.g., "SMITH1990").

2. For two authors, the REFERENCE_KEY _ID comprises the author's surname followed by "&"
followed by the co-author's surname followed by the year of the publication (e.g.,
"LAUREL&HARDY 1990").

3. For more than two authors, the REFERENCE_KEY _ID comprises the first author's surname
followed by "ETAL" followed by the year of the publication (e.g., "SMITHETAL1990").

4. If the same author(s) published more than one paper in the same year, the following applies:
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a. Theinitid publication will have aREFERENCE _KEY _ID asformulated above (eg.,
"SMITH1990"). Note that the reference uses an implicit "A".

b. Subsegquent publications will use the next sequentid Ietter to uniquely  identify the
reference:

- the 2nd publication will be "SMITH1990B",
- the 3rd publication will be "SMITH1990C".

5. The REFERENCE_KEY _ID vaue should be enclosed within double quotes.

6. For additiond information on formulating a REFERENCE_KEY _ID, check the PDS Data
Dictionary (http://pdsproto.jpl.nasa.gov/onlinecata og/top.cfm).

B.31.5.5 Construction of REFERENCE_DESC

Theinformation included in a REFERENCE catalog object will vary somewhat depending on the
source. The following subsections describe the most common types; contact a PDS Data Engineer for
ass stance when encountering a type not described here. Details on constructing the components of a
REFERENCE DESC vaue are described in the next section.

B.31.55.1 Papersin Professonal Journalsand Other Articles
Citations of articles should include the following informationin the order listed:

1. Name(s) of author or authors
2. Titleof atide
3. Name of periodica
4. Volume and/or issue number
5. First and last pages occupied by article
6. Yea of publication
Example
OBJECT = REFERENCE
REFERENCE KEY_ID ="SCARF&GURNETT1977"
REFERENCE_DESC ="
Scarf, F.L.,and D.A. Gurnett, A plasmawave investigation for the
Voyager mission, Space Sci. Rev., Val. 21, No. 1, pp. 289-331, 1977."
END_OBJECT = REFERENCE
B.31.55.2 Books and Reports

Citations of books and reports should include the following information, in the order listed:
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Name(s) of author or authors

Title of article or chapter (if only part of book or report is being cited)
Title of book or report

Volume number (if part of a multivolume series)

Edition (if not origind)

Editor(s) (if any)

Report number(s)

Page numbers (if only part of book or report is being cited)
. Publisher's name

10. City of publication

11. Year of publication

©CoNoOgrwWNE

"FELDETAL1989B"

Examples:
OBJECT = REFERENCE
REFERENCE KEY_ID =

REFERENCE_DESC
Fed, SW., SE. Haggerty, and A.J. Erlank, Subcontinental
Metasomatism in the Region of Jagersfontein, Springer-Verlag,
New York, 1989."

END_OBJECT = REFERENCE

OBJECT
REFERENCE KEY_ID
REFERENCE _DESC =

Thompson, W.B., Preliminary investigation of the eectrodynamic

of a conducting tether, in Spacecraft Environmenta Technology

1983, edited by C. K. Purvisand C. P. Pike, NASA Conf. Publ.,

Vol. 2359, pp. 649-662, National Aeronautics and Space Administration,

Washington, DC, 1985."
END_OBJECT = REFERENCE

REFERENCE
"THOMPSON1985"

B.31.55.3 Electronic Publications

Certain types of dectronic publications may be given as REFERENCE catad og objects. These include
publications on ectronic media such as CD-ROM and regularly issued, dated eectronic journals. Data
deposited at PDS and National Data Centers (e.g., NSSDC) may aso be included. Because of the
ephemera nature of some eectronic media, authors should consult a Data Engineer if the pecific
reference (e.g., awebsite) does not seem to have atraditiona hardcopy analog.

B.31.5.5.3.1 Data Sets
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REFERENCE catalog objects for data sets that are on deposit at PDS or Nationa Data Centers (e.g.,
NSSDC) should include the following information, in the order listed:

1. Name of author or authors (e.g., Principa Investigator and/or Data Producer)

2. Nameof thedataset (eg., DATA_SET_NAME)

3. Uniqueidentifier of the data set (e.g., DATA_SET ID)

4. Volume and/or issue number (eg., VOLUME_SET ID or VOLUME ID) (optiond)
5. Name of publisher or producer (e.g., NASA Planetary Data System)

6. Year of publication

Example:

REFERENCE
"LEVINI:_I'ALZOOO"

OBJECT
REFERENCE _KEY_ID
REFERENCE_DESC =

Levin, G.V., PA. Stradt, EA Guinness, P.G. Vdko, JH. King,
and D.R. Williams, Viking Lander Labeled Release Data Archive,
VLINVL2-M-LCS-2-EDR-V1.0, USA_NASA JPL_VL_9010, NASA

Planetary Data System, 2000."
END_OBJECT = REFERENCE

B.31.5.53.2 Physical Media (CD-ROM / DVD-R)

REFERENCE catdog objects for physica media (e.g., CDs or DVDs) should include the following
informetion, in the order listed:

Name of author or authors (e.g., Principal Investigator and/or Data Producer)

Name of the volume or volume st (eg., VOLUME_NAME or VOLUME_SET_NAME)
Unique identifier of the volume or volume set (e.g., VOLUME _ID or VOLUME_SET ID)
Name of publisher or producer (e.g., NASA Planetary Data System)

Y ear of publication

s owdE

Example:

REFERENCE
"LEVI NETAL2000B"

OBJECT
REFERENCE KEY_ID
REFERENCE _DESC =

Levin, GV., PA. Straat, EA. Gumn&s P.G. Vako, JH. King,
and D.R. Williams, Viking Lander 1 Experiment Data Records (EDR)
Image Products, USA_NASA_JPL_VL_00xx, NASA Planetary Data

System, 2000."
END_OBJECT = REFERENCE
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B.31.5.5.3.3 Electronic Journal Articles

Materid published in regularly issued, dated eectronic journds should be referenced smilarly to printed
papers (see Papersin Professiona Journals and Other Articles, above). Because this aspect of the
Internet is evolving rapidly, PDS does not offer specific recommendations, authors should contact a
Data Engineer for current guidelines. Because the Internet is a dynamic environment and sites may
change or move, PDS cautions that such electronic sources should have established arecord of stability
before being considered acceptable for use in REFERENCE catal og objects.

B.31.5.6 REFERENCE_DESC Components

B.31.5.6.1 Author Names

For thefirgt author only, the surnameis given firg, followed by initias. Names of any co-authors appear
in regular order: initids precede the co-author's surname. The word “and” precedes the last author’s
name. Do not include white space between authors initids (e.g., Kurth, W.S)

Example:
OBJECT = REFERENCE
REFERENCE_KEY_ID =

"KURTHETAL1982"
REFERENCE_DESC ="

Kurth, W.S,, F.L. Scarf, J.D. Sullivan, and D.A. Gurnett,
Detection of nontherma continuum radiation in Saturn's

magnetosphere, Geophys. Res. Lett., Val. 9, p. 889, 1982."
END_OBJECT = REFERENCE

B.31.5.6.2 Journal Titles

PDS uses the same guidelines as the AGU which were established by the Chemical Abstracts Service
Source I ndex in abbreviating the names of serid publications and reports. One word titles (e.g.,
Science, Icarus, Nature) are not abbreviated. Articles, conjunctions, prepositions, hyphens,
parentheses, commas, and accents are omitted in abbreviated titles. Apostrophesin tranditerated titles
are retained.

Examples of common journd titlesin planetary science include:

Adv. Space Res.
Geophys. Res. Leétt.
J. Geophys. Res.
Rev. Geophys.
Radio Sci.

Space Sci. Rev.
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Other examplesinclude:

AAPG BuUll.

And. Chem.

Ann. Geophys.

Ann. Glacial.

Appl. Opt.

Appl. Spectrosc.

Astrophys. J.

Bull. Int. Assoc. Eng. Gedl.
Bull. Mar. Sai.

Can. J. Phys.

Chem. Gedl.

Contrib. Minerd. Petral.
Earth Planet. Sai. Lett.
Geochim. Cosmochim. Acta
Geol. Soc. Am. Bull.

|EEE Trans. Geosci. Remote Sens.
|EEE Trans. Nudl. Sci.

Int. J. Rock Mech. Min. Sci. Geomech. Abstr.
J. Atmos. Chem.

J. Atmos. Oceanic Technal.
J. Atmos. Sci.

J. Atmos. Terr. Phys.

J. Fuid Mech.

J. Geomagn. Geoelectr.

J. High Resolut. Chromatogr.
J. Petroal.

J. Phys. Oceanogr.

Mon. Weather Rev.

Phys. Fluids

Philos. Trans. R. Soc. London Ser. A
Planet. Space Sci.

Q. J. R. Meteorol. Soc.
Remote Sens. Environ.
Science
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B.32 SOFTWARE

The SOFTWARE cataog object provides generd information about a software tool including
description, avallability information, and dependencies.

The SOFTWARE catalog object is completed for each software program registered in the PDS
Software Inventory. This Inventory includes software available within the planetary science community,
including software on PDS archive volumes. Of interest are any gpplications, tools, or libraries that have
proven useful for the display, andlys's, formatting, transformation, or preparation of either science data
or meta-data for the PDS archives.

B.32.1 Required Keywords

1. SOFTWARE_ID
2. SOFTWARE VERSION_ID

B.32.2 Optional Keywords

None

B.32.3 Required Objects

1. SOFTWARE_INFORMATION
2. SOFTWARE_ONLINE
3. SOFTWARE_PURPOSE

B.32.4 Optional Objects

None

B.32.5 Example

/* Tenpl ate: Software Tenpl ate Rev: 1998-12-01 */
/* Note: This tenplate should be conpleted to register software in the */
/* PDS Software Inventory. */

PDS_VERSI ON_I D = PDS3
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LABEL_REVI SI ON_NOTE = "1998-07-01, Richard Sinpson (STANFORD), initial;"
RECORD_TYPE = STREAM
OBJECT = SOFTWARE
SOFTWARE_I D = NASAVI EW
SOFTWARE_VERSI ON_I D = "V1IR2B"
OBJECT = SOFTWARE_| NFORMATI ON
SOFTWARE_NANME = "NASAVI EW - PDS DATA PRODUCT ACCESS TOOL
V1. 2B"
DATA_FORMAT = PDS
SOFTWARE_LI CENSE_TYPE = PUBLI C_DOMAI N
TECHNI CAL_SUPPORT_TYPE = FULL
REQUI RED_STORAGE_BYTES = "1l.8MB"
PDS_USER_I D = SHUGHES
NODE_| D = CN
SOFTWARE_DESC ="
Sof t ware Overvi ew
NasaVi ew Version 1.2b is a PDS | nage di splay program devel oped for the follow ng
pl at f or ms:
(a) PC/ Wn32
(b) Unix / Sun OS
NasaVi ew i s capabl e of accessing and displaying all imges, tables, cubes, and
hi stograns in the PDS archive. This rel ease has been tested using Galil eo, Mgell an,
Vi ki ng, MDIM Voyager, |HWLSPN, and Clenentine unconpressed i mges.
NasaVi ew i s planned as a PDS data product object display utility that will run on

SUN, MAC, and PC platforns in a GU environnment.

This application was built using the Label Library Light (L3), Object Access Library
(OAL), and the XVT Devel opnent Solution for C package. Label Library Light parses PDS
ODL | abel s and creates an in-nenory representation of the |abel information. The

Obj ect Access Library uses the parse-tree and accesses the actual PDS object. The XVT
Devel opment Sol ution supplies the cross platform GUI and an Object-oriented
environment. XVT allows the definition of visual objects such as Wndows and Menus
and associ ates events and code with them

Mat eri al

Bl NARI ES

Programm ng Language

PC/ Mcrosoft Wn95, Wn98,

Support Software Required / Used

NT4. 0
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END_OBJECT = SOFTWARE_| NFORMATI ON
OBJECT = SOFTWARE_ONLI NE
ON_LI NE_I DENTI FI CATI ON = "http://pds.jpl.nasa.gov/license. htm"
ON_LI NE_NAME = "NASAVI EW REVI SI ON 2 BETA"
NODE_I| D = CN
PROTOCOL_TYPE = URL
PLATFORM = "PC/ W N32"
END_OBJECT = SOFTWARE_ONLI NE
OBJECT = SOFTWARE_PURPOSE
SOFTWARE_PURPCOSE = DI SPLAY
END_OBJECT = SOFTWARE_PURPOSE
END_OBJECT = SOFTWARE

END
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B.33 SOFTWARE_INFORMATION

The SOFTWARE_INFORMATION object, a sub-object of SOFTWARE catalog object, provides
basic identification and operating system information associated with a pecific SOFTWARE object.

B.33.1 Required Keywords

DATA_FORMAT

NODE_ID

PDS_USER _ID

REQUIRED STORAGE BYTES
SOFTWARE_DESC
SOFTWARE_LICENSE_TYPE
SOFTWARE_NAME
TECHNICAL_SUPPORT TYPE

ONOOA~WDNE

B.33.2 Optional Keywords

None

B.33.3 Required Objects

None

B.33.4 Optional Objects

None

B.33.5 Example

See the example for the SOFTWARE object in Section B.32.5.
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B.34 SOFTWARE_ONLINE

The SOFTWARE_ONLINE object, a sub-object of SOFTWARE catalog object, providesidentifying
information for each PDS node providing access to a particular SOFTWARE object.

B.34.1 Required Keywords

NODE _ID
ON_LINE_IDENTIFICATION
ON_LINE_NAME
PLATFORM
PROTOCOL_TYPE

gk owbdNE

B.34.2 Optional Keywords

None

B.34.3 Required Objects

None

B.34.4 Optional Objects

None

B.34.5 Example

See the example for the SOFTWARE object in Section B.32.5.
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B.35 SOFTWARE_PURPOSE

The SOFTWARE_PURPOSE object, a sub-object of SOFTWARE catalog object, describes the
functionality provided by a specific SOFTWARE object.

B.35.1 Required Keywords

1. SOFTWARE_PURPOSE

B.35.2 Optional Keywords

None

B.35.3 Required Objects

None

B.35.4 Optional Objects

None

B.35.5 Example

See the example for the SOFTWARE object in Section B.32.5.



B-86 Appendix B. Complete PDS Catalog Object Set

B.36 TARGET

The TARGET cataog object provides basic descriptive information for asingle observationd target.

B.36.1 Required Keywords

1. TARGET_NAME

B.36.2 Optional Keywords

None

B.36.3 Required Objects

1. TARGET_INFORMATION

B.36.4 Optional Objects

1. TARGET_REFERENCE INFORMATION

B.36.5 Usage Notes

One TARGET _INFORMATION cataog object must be completed for each target. A

TARGET _REFERENCE_INFORMATION catadog object is required for each individua reference
associated with the target. All references should be included that are relevant to providing more detailed
| specific target information; such as, type of target, orbit direction, description of the target, etc. These
references may include published articles, books, papers, eectronic publications, etc.

B.36.6 Example

/* Tenpl ate: Target Tenpl ate Rev: 1995-01-01 */
/* Note: The followi ng tenplate is used for the */
/* subm ssion of a target to the PDS */

PDS_VERSI ON_I D
LABEL_REVI SI ON_NOTE

PDS3
"1998-07-01, Richard Sinpson (STANFORD), initial;"
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RECORD_TYPE = STREAM
OBJECT = TARGET
TARGET_NAME = JUPI TER
OBJECT = TARGET_I| NFORMATI ON
TARGET_TYPE = PLANET
PRI MARY_BODY_NAME = SUN
ORBI T_DI RECTI ON = PROGRADE

ROTATI ON_DI RECTI ON = PROGRADE
TARGET_DESC ="

A_AXI'S_RADI US © 71492. 000000

B_AXI S_RADI US : 71492. 000000

BOND_ALBEDO © UNK

C_AXI S_RADI US © 66854. 000000

FLATTENI NG © 0.006500

MAGNETI C_MOVENT © 155000000000000000000. 000000

MASS © 1898799999999999953652202602496. 000000
MASS_DENSI TY : 1.330000

M NI MUM_SURFACE_TEMPERATURE : UNK
MAXI MUM_SURFACE_TEMPERATURE : UNK

MEAN_SURFACE_TEMPERATURE © UNK

EQUATORI AL_RADI US . 71492.000000

MEAN_RADI US © 69911. 000000

SURFACE_GRAVI TY : 25.900000

REVOLUTI ON_PERI OD : 4333. 000000

POLE_RI GHT_ASCENSI ON . 268.000000

POLE_DECLI NATI ON © 64.500000

S| DEREAL_ROTATI ON_PERI OD : 0.410000

MEAN_SOLAR_DAY . 0.410000

OBLIQUITY . 3.100000

ORBI TAL_ECCENTRI CI TY : 0.048000

ORBI TAL_I NCLI NATI ON : 1.300000

ORBI TAL_SEM MAJOR_AXI S : 778376719. 000000

ASCENDI NG_NODE_LONG TUDE . 100. 500000

PERI APSI S_ ARGUMENT_ANGLE : 275.200000"

END_OBJECT = TARGET_I NFORMATI ON

OBJECT = TARGET_REFERENCE_I| NFORVATI ON

REFERENCE_KEY_I D = " XYZ95"

END_OBJECT = TARGET_REFERENCE_I| NFORVATI ON

END_OBJECT = TARGET

END
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B.37 TARGET_INFORMATION

The TARGET_INFORMATION object, a sub-object of the TARGET catalog object, provides
physica and dynamic parameters of the target.

B.37.1 Required Keywords

ORBIT_DIRECTION
PRIMARY_BODY_NAME
ROTATION_DIRECTION
TARGET DESC
TARGET_TYPE

gk owbdNE

B.37.2 Optional Keywords

None

B.37.3 Required Objects

None

B.37.4 Optional Objects

None

B.37.5 Example

See the example for the TARGET object in Section B.36.5.



Appendix B. Complete PDS Catalog Object Set B-89

B.38 TARGET_REFERENCE_INFORMATION

The TARGET_REFERENCE_INFORMATION object, asub-object of the TARGET catalog object,
associates areference with atarget. A separate object must be completed for each reference cited
within the TARGET cataog object.

A separate REFERENCE catal og object is completed to provide the associated citation for each
reference.

B.38.1 Required Keywords

1. REFERENCE _KEY_ID

Note: If there are no rdlevant referencesto cite, the REFERENCE KEY _ID should have avaue of
IIN/AII .

B.38.2 Optional Keywords

None

B.38.3 Required Objects

None

B.38.4 Optional Objects

None

B.38.5 Usage Notes

NOTE: The following are recommended as the minimum s&t of information needed to describe a target
adequately. Additiona information may be added as desired. If any of the information not be available
or is not known then, consult Chapter 17, Usage of N/A, UNK, and NULL.

A_AXI S_RADI US
B_AXI S_RADI US
BOND_ALBEDO
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C_AXI'S_RADI US
FLATTENI NG

MAGNETI C_MOVENT

MASS

MASS_DENSI TY

M NI MUM_SURFACE_TEMPERATURE
MAXI MUM_SURFACE_TEMPERATURE
MEAN_SURFACE_TEMPERATURE
EQUATORI AL_RADI US

MEAN_RADI US

SURFACE_GRAVI TY

REVOLUTI ON_PERI OD

POLE_RI GHT_ASCENSI ON
POLE_DECLI NATI ON

SI DEREAL_ROTATI ON_PERI OD
MEAN_SOLAR_DAY

OBLI QUI TY

ORBI TAL_ECCENTRI Cl TY

ORBI TAL_| NCLI NATI ON

ORBI TAL_SEM MAJOR_AXI S
ASCENDI NG_NODE_LONG TUDE
PERI APSI S_ARGUVENT _ANGLE

B.38.6 Example

See the example for the TARGET object in Section B.36.5.
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- c

CATALOG directory, B-1

catalog objects, B-1
DATA_SET, B-4, B-28, B-29
DATA_SET _COLL_ASSOC DATA_SETS, B-11
DATA_SET COLLECTION, B-13
DATA_SET _COLLECTION_INFO, B-16
DATA_SET COLLECTION_REF INFO, B-12
DATA_SET HOST, B-4, B-5, B-18
DATA_SET _INFORMATION, B-4, B-19
DATA_SET_MAP_PROJECTION, B-23, B-27
DATA_SET MAP_PROJECTION_INFO, B-26
DATA_SET _TARGET, B-29
DS MAP_PROJECTION_REF_INFO, B-30
IMAGE_MAP_PROJECTION, B-31
INSTRUMENT, B-37, B-49
INSTRUMENT _HOST, B-41, B-43, B-45
INSTRUMENT_HOST _INFORMATION, B-41, B-43
INSTRUMENT _HOST_REFERENCE_INFO, B-41, B-45
INSTRUMENT _INFORMATION, B-37, B-46
INSTRUMENT REFERENCE_INFO, B-37, B-49
INVENTORY, B-50, B-52
INVENTORY_DATA_SET INFO, B-52, B-53
INVENTORY_NODE_MEDIA_INFO, B-53
MISSION, B-54, B-59, B-60, B-61, B-62
MISSION_HOST, B-54, B-59, B-63
MISSION_INFORMATION, B-54, B-60
MISSION_REFERENCE_INFORMATION, B-54, B-62
MISSION_TARGET, B-63
PERSONNEL, B-64, B-66, B-67
PERSONNEL_ELECTRONIC _MAIL, B-64, B-66
PERSONNEL_INFORMATION, B-64, B-67
REFERENCE, B-28, B-68
SOFTWARE, B-75, B-77, B-78
SOFTWARE_INFORMATION, B-77
SOFTWARE_ONLINE, B-78
SOFTWARE_PURPOSE, B-79
TARGET, B-80, B-82, B-83
TARGET_INFORMATION, B-80, B-82
TARGET_REFERENCE INFORMATION, B-83
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CITATION_DESC, B-21
example, B-5
formation rule, B-21
CONFIDENCE _LEVEL_NOTE
headings, B-21

S V——,

, B-23

, B-84
DATA_SET object, B-18, B-19, B-28, B-29
definition, B-4
DATA_SET COLL_ASSOC DATA_SETSobject
definition, B-11
DATA_SET COLLECTION object, B-11, B-12, B-16, B-17
definition, B-13
DATA_SET _COLLECTION_DESC, B-16
DATA_SET_COLLECTION_INFO object
definition, B-16
headings, B-17
DATA_SET _COLLECTION_REF _INFO object
definition, B-12
DATA_SET DESC, B-1
headings, B-20
subheading formats, B-1
DATA_SET HOST object
definition, B-18
DATA _SET ID, B-52
DATA_SET INFORMATION object
definition, B-19
DATA_SET_MAP_PROJECTION object, B-26, B-31
definition, B-23
DATA_SET_MAP_PROJECTION_INFO object, B-30
definition, B-26
DATA_SET REFERENCE INFORMATION object, B-4, B-5
definition, B-28
DATA_SET TARGET object, B-4, B-5
definition, B-29
DATA_SET TERSE DESC
example, B-5
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DS MAP_PROJECTION_REF _INFO object
definition, B-30

&

EARTH_BASE ID, B-37

I

FORMAT 70 program, B-2

I

IMAGE_MAP_PROJECTION object, B-23
definition, B-31
INSTRUMENT object
definition, B-37
INSTRUMENT_DESC, B-1
headings, B-46
subheading formats, B-1
INSTRUMENT_HOST object
definition, B-41
INSTRUMENT _HOST DESC
headings, B-43
INSTRUMENT_HOST 1D, B-37
INSTRUMENT_HOST _INFORMATION object
definition, B-43
INSTRUMENT_HOST REFERENCE_INFO object
definition, B-45
INSTRUMENT _INFORMATION object
definition, B-46
INSTRUMENT _REFERENCE_INFO object
definition, B-49
INVENTORY object
definition, B-50
INVENTORY _DATA_SET INFO object
definition, B-52
INVENTORY_NODE_MEDIA_INFO object
definition, B-53

I

LINE_FIRST_PIXEL, B-31
LINE_LAST_PIXEL, B-31
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_—— ]

MAP_PROJECTION_DESC
headings, B-26
MISSION object, B-59, B-60, B-62, B-63
definition, B-54
MISSION_DESC
headings, B-61
MISSION_HOST object
definition, B-59
MISSION_INFORMATION object
definition, B-60
MISSION_OBJECTIVES SUMMARY
headings, B-61
MISSION_REFERENCE_INFORMATION object
definition, B-62
MISSION_TARGET object
definition, B-63

| ©) I

objects. See catalog objects, See data objects
observing campaign
as MISSION, B-54

-~

PDS objects. See catalog objects, See data objects
PDS Software Inventory, B-75
PDS USER 1D, B-64
PERSONNEL object, B-66, B-67
PERSONNEL object
definition, B-64
PERSONNEL_ELECTRONIC_MAIL object
definition, B-66
PERSONNEL_INFORMATION object
definition, B-67

| R I

REFERENCE object, B-4, B-5, B-12, B-30, B-45, B-49, B-62, B-83
definition, B-68
REFERENCE_KEY_ID, B-5, B-12, B-28, B-30, B-45, B-62, B-83
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references
what to reference, B-68
ROTATIONAL_ELEMENT _DESC
headings, B-26

| S I

SAMPLE FIRST_PIXEL, B-31
SAMPLE LAST_PIXEL, B-31
software
PDS inventory of tools and libraries, B-75
SOFTWARE object, B-77, B-78, B-79
definition, B-75
SOFTWARE_INFORMATION object
definition, B-77
SOFTWARE_ONLINE object
definition, B-78
SOFTWARE,_PURPOSE object
definition, B-79
SPACECRAFT _ID, B-37

o

TARGET object, B-82, B-83
definition, B-80

TARGET_INFORMATION object
definition, B-82

TARGET_REFERENCE _INFORMATION object, B-80
definition, B-83




Appendix C. Internal Representation of Data Types c1

Appendix C. Internal Representation of Data

Types

This appendix contains the detailed internal representations of the PDS standard data types listed
in Table 3.2 of the Data Type Definitions chapter of this document.

Chapter Contents
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C.10 VAX_COMPLEX, VAXG_COMPLEX ....ccoieiririeirieernieesiee s C-22
C.11 MSB_BIT_STRING ..ottt C-23
C.12 LSB_ BIT_STRING ..ot ee e see e see s e C-25
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C.1 MSB_INTEGER

Aliases: INTEGER
MAC_INTEGER
SUN_INTEGER

This section describes the signed integers stored in Most Significant Byte first (MSB) order. In
this section the following definitions apply:

b0 — b3 Arrangement of bytes as they appear when read from afile (e.g., read b0
first, then bl, b2, and b3)

i-sign Integer sign bit (bit 7 in the highest-order byte

i0—i3 Arrangement of bytes in the integer, from lowest order to highest order.

The bits within each byte are interpreted from right to left (e.g., lowest
value = bit 0, highest value = bit 7) in the following way:

4-byte integers:
Ini0, bits 0-7 represent 2**0 through 2**7
Inil, bits O-7 represent 2** 8 through 2** 15
In i2, bits O-7 represent 2** 16 through 2** 23
In i3, bits 0-6 represent 2** 24 through 2** 30

2-byte integers.
Ini0, bits O-7 represent 2**0 through 2**7
In i1, bits O-6 represent 2** 8 through 2** 14

1-byte integers:
Ini0, bits 0-6 represent 2**0 through 2**6

Negative integers are represented in two’s complement.

C.1.1 MSB4-bytelnteger

i-sign

l K 12 i1 i0

76543210|76543210|76543210 | 76543210

b0 b1 b2 b3
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C.1.2 MSB 2-bytelInteger

C.1.3 MSB 1-byte Integer

i-sign

i1

i0

76543210

76543210

b0

I-sign

b1

i0

76543210

b0

C3
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C.2 MSB_UNSIGNED_INTEGER

Aliases: UNSIGNED_INTEGER
MAC_UNSIGNED_INTEGER
SUN_UNSIGNED_INTEGER

This section describes unsigned integers stored in Most Significant Byte first (MSB) format. In
this section the following definitions apply:

b0 — b3 Arrangement of bytes as they appear when read from afile (e.g., read b0
firgt, then bl, b2 and b3)

i0—i3 Arrangement of bytes in the integer, from lowest order to highest order.
The bits within each byte are interpreted from right to left (e.g., lowest
value = hit O, highest value = hit 7), in the following way:

4-bytes:
Ini0, bits O-7 represent 2**0 through 2**7
Inil, bits O-7 represent 2** 8 through 2** 15
Ini2, bits O-7 represent 2** 16 through 2** 23
In i3, bits 0-7 represent 2** 24 through 2** 31

2-bytes:
Ini0, bits 0-7 represent 2**0 through 2**7
Inil, bits O-7 represent 2** 8 through 2** 15

1-byte:
Ini0, bits O-7 represent 2**0 through 2**7

C.21 MSB 4-byte Unsigned Integers
i3 i2 i1 i0
76543210|76543210|76543210 | 76543210

b0 b1 b2 b3
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C.22 MSB 2-byte Unsigned Integers
i1

i0

76543210

76543210

b0

C.2.3 MSB 1-byte Unsigned Integers

b1

i0

76543210

b0

C5
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C.3 LSB_INTEGER

Aliases: PC_INTEGER
VAX_INTEGER

This section describes signed integers stored in Least Significant Byte first (LSB) order. In this
section the following definitions apply:

b0 — b3 Arrangement of bytes as they appear when reading afile (e.g., read byte
bO first, then b1, b2 and b3)

i-sign Integer sign bit — bit 7 in the highest order byte

i0—-i3 Arrangement of bytes in the integer, from lowest order to highest order.

The bits within each byte are interpreted from right to left (e.g., lowest
value = bit 0, highest value = bit 7), in the following way:

4-bytes:
Ini0, bits O-7 represent 2**0 through 2**7
In i1, bits O-7 represent 2** 8 through 2** 15
Ini2, bits 0-7 represent 2** 16 through 2** 23
In i3, bits 0-6 represent 2** 24 through 2** 30

2-bytes:
Ini0, bits O-7 represent 2**0 through 2**7
Inil, bits 0-6 represent 2** 8 through 2** 14

1-byte:
In i0, bits 0-6 represent 2**0 through 2**6

All negative values are represented in two’ s complement.

C.3.1 LSB4-bytelntegers
i-sign
i0 i1 i2 i3

76543210] 76543210 (76543210 | 76543210

b0 b1 b2 b3
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C.3.2 LSB2-bytelntegers

C.3.3 LSB1-bytelntegers

i-sign

i0

i1

76543210

76543210

b0

i-sign

b1

i0

76543210

b0

C7
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C.4 LSB_UNSIGNED_INTEGER

Aliases: PC_UNSIGNED_INTEGER
VAX_UNSIGNED_INTEGER

This section describes unsigned integers stored in Least Significant Byte first (LSB) format. In
this section the following definitions apply:

b0 — b3 Arrangement of bytes as they appear when reading afile (e.g., read byte
bO firgt, then bl, b2 and b3)

i0—i3 Arrangement of bytes in the integer, from lowest order to highest order.
The bits within each byte are interpreted from right to left (e.g., lowest
value = bit 0, highest value = bit 7), in the following way:

4-bytes:
Ini0, bits O-7 represent 2**0 through 2**7
In i1, bits O-7 represent 2** 8 through 2** 15
Ini2, bits O-7 represent 2** 16 through 2** 23
In i3, bits O-7 represent 2** 24 through 2** 31

2-bytes:
Ini0, bits O-7 represent 2**0 through 2**7
Inil, bits O-7 represent 2** 8 through 2** 15

1-byte:
Ini0, bits O-7 represent 2**0 through 2**7

C.4.1 LSB4-byteUnsigned Integers
i0 i1 i2 i3
76543210| 76543210 (76543210 | 76543210

b0 b1 b2 b3
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C.4.2 LSB2-byteUnsigned Integers
i0

i1

76543210

76543210

b0

C.4.3 LSB1-byteUnsigned Integers

b1

i0

76543210

b0

C9
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C.5 I|EEE_REAL

Aliases: FLOAT
REAL
MAC_REAL
SUN_REAL

This section describes the internal format of |EEE-format floating-point numbers. In this section
the following definitions apply:

b0 — b9 Arrangement of bytes as they appear when read from afile (e.g., read bO
first, then bl, b2, b3, etc.)

m-sign Mantissa sign bit

int-bit In 10-byte real format only, the integer part of the mantissa, assumed to be

“1” in other formats, is explicitly indicated by this bit

e0—el Arrangement of the portions of the bytes that make up the exponent, from
lowest order to highest order. The bits within each byte are interpreted
from right to left (e.g., lowest value = rightmost bit in the exponent part of
the byte, highest value = leftmost bit in the exponent part of the byte) in
the following way:

10-bytes (temporary):
In €0, bits O-7 represent 2**0 through 2**7
In el, bits 0-6 represent 2** 8 through 2** 14
Exponent bias = 16383

8-bytes (double precision):
In €0, bits 4-7 represent 2**0 through 2**3
In el, bits 0-6 represent 2** 4 through 2**10
Exponent bias = 1023

4-bytes (single precision):
In €0, bit 7 represent 2**0
In el, bits 0-6 represent 2** 1 through 2**7

Exponent bias = 127
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mO —m7

10-bytes (temporary):

In mO, bits 6-0 represent 1/2** 1 through 1/2**7

In m1, bits 7-0 represent 1/2** 8 through 1/2** 15
In m2, bits 7-0 represent 1/2** 16 through 1/2**23
In m3, bits 7-0 represent 1/2** 24 through 1/2** 31
In m4, bits 7-0 represent 1/2** 32 through 1/2** 39
In m5, bits 7-0 represent 1/2** 40 through 1/2**47
In M6, bits 7-0 represent 1/2** 48 through 1/2**55
In m7, bits 7-0 represent 1/2**56 through 1/2**63

8-bytes (double precision):

In mO, bits 3-0 represent 1/2** 1 through 1/2**4
In m1, bits 7-0 represent 1/2**5 through 1/2** 12
In m2, bits 7-0 represent 1/2**13 through 1/2** 20
In m3, bits 7-0 represent 1/2** 21 through 1/2** 28
In m4, bits 7-0 represent 1/2** 29 through 1/2** 36
In m5, bits 7-0 represent 1/2** 37 through 1/2**44
In M6, bits 7-0 represent 1/2** 45 through 1/2**52

4-bytes (single precision):

In mO, bits 6-0 represent 1/2** 1 through 1/2**7
In m1, bits 7-0 represent 1/2** 8 through 1/2**15
In m2, bits 7-0 represent 1/2** 16 through 1/2**23

The following representations all follow this format:

Note that the integer part (“1.”) isimplicit in all formats except the 10-byte (temporary) real

1.mantissa” 2**(exponent — bias)

C11

Arrangement of the portions of the bytes that make up the mantissa, from
highest order fractions to the lowest order fraction. The order of the bits

within each byte progresses from left to right, with each bit representing a
fractional power of two, in the following way:

format, as described above. In all cases the exponent is stored as an unsigned, biased integer (that
is, the stored exponent value — bias value = true exponent).
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C5.1

m-sign

el

el

mO

Appendix C. Internal Representation of Data Types

int-bit (always 1)

mi

|EEE 10-byte (Temporary) Real Numbers

me

?5543214?654321D

76543210

?6543214?6543215

b0

m3

b1

m4

b2

m5

b3

me6

b4

m7

76543210

76543210

7654321 D|?654321 0

76543210

b5

C.5.2

m-sign

el el mo

b6

m m2

b7

m3

b8

| EEE 8-byte (Double Precision) Real Numbers

m4

b9

mb

me

7654321 U|?654321 0

76543210{76543210

76543210

76543210

76543210

76543210

b0 b1

C.5.3

b2 b3

m-sign

el

L o

+m0

b4

m1

b5

| EEE 4-byte (Single Precision) Real Numbers

m2

b6

76543210

76543210

76543210

76543210

b0

b1

b2

b3

b7
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C.6 IEEE_COMPLEX

Aliases; COMPLEX
MAC_COMPLEX
SUN_COMPLEX

| EEE complex numbers consist of two IEEE_REAL format numbers of the same precision,
contiguous in memory. The first number represents the real part and the second the imaginary
part of the complex value.

For more informationon using |IEEE_REAL formats, see Section C.5.
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C.7 PC_REAL

Aliases: None

This section describes the internal storage format corresponding to the PC_REAL datatype. In
this section the following definitions apply:

b0 — b9 Arrangement of bytes as they appear when read from afile (e.g., read b0
first, then b1, b2 and b3)

m-sign Mantissa sign bit

int-bit In 10-byte real format only, the integer part of the mantissa, assumed to be

“1” in other formats, is explicitly indicated by this bit.

e0—el Arrangement of the portions of the bytes that make up the exponent, from
lowest order to highest order. The bits within each byte are interpreted
from right to left (e.g., lowest value = rightmost bit in the exponent part of
the byte, highest value = leftmost bit in the exponent part of the byte) in
the following way:

10-bytes (temporary):
In €0, bits 0-7 represent 2**0 through 2**7
In el, bits 0-6 represent 2** 8 through 2** 14

Exponent bias = 16383
8-bytes (double precision):
In €0, bits 4-7 represent 2**0 through 2**3
In €1, bits 0-6 represent 2** 4 through 2** 10
Exponent bias = 1023
4-bytes (single precision):
In €0, bit 7 represent 2**0
In el, bits 0-6 represent 2** 1 through 2**7
Exponent bias = 127
m0 —m7 Arrangement of the portions of the bytes that make up the mantissa, from
highest order fractions to the lowest order fraction. The order of the bits
within each byte progresses from left to right, with each bit representing a

fractional power of two, in the following way:

10-bytes (temporary):
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In mO, bits 6-0 represent 1/2** 1 through 1/2**7

In m1, bits 7-0 represent 1/2** 8 through 1/2**15
In m2, bits 7-0 represent 1/2** 16 through 1/2** 23
In m3, bits 7-0 represent 1/2** 24 through 1/2** 31
In m4, bits 7-0 represent 1/2** 32 through 1/2** 39
In m5, bits 7-0 represent 1/2** 40 through 1/2**47
In m6, bits 7-0 represent 1/2** 48 through 1/2** 55
In m7, bits 7-0 represent 1/2** 56 through 1/2** 63

8-bytes (double precision):

In mO, bits 3-0 represent 1/2** 1 through 1/2**4
In m1, bits 7-0 represent 1/2**5 through 1/2**12
In m2, bits 7-0 represent 1/2** 13 through 1/2** 20
In m3, bits 7-0 represent 1/2** 21 through 1/2** 28
In m4, bits 7-0 represent 1/2** 29 through 1/2** 36
In M5, bits 7-0 represent 1/2** 37 through 1/2**44
In m6, bits 7-0 represent 1/2** 45 through 1/2**52

4-bytes (single precision):
In mO, bits 6-0 represent 1/2** 1 through 1/2**7
In m1, bits 7-0 represent 1/2** 8 through 1/2** 15
In m2, bits 7-0 represent 1/2** 16 through 1/2** 23

The following representations all follow this format:
1.mantissa” 2**(exponent — bias)
Note that the integer part (“1.”) isimplicit in al formats except the 10-byte (temporary) real

format, as described above. In al cases the exponent is stored as an unsigned, biased integer (that
is, the stored exponent value — bias value = true exponent).
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C.7.1 PC 10-byte (Temporary) Real Numbers

m7 m6 m5 m4 m3
76543210 ?55432113‘?654321 0 ?6543210‘?554321 0

b0 b1 b2 b3 b4

int-bit m-sign

m2 m1 mo el i el
7654321 l::l| 76543210|76543210|7654321 D|?654321 0

b5 b6 b7 b8 b9

C.7.2 PC 8-byte (Double Precison) Real Numbers

m-sign
me6 m5 m4 m3 me mi e0 mo l el
76543210|76543210|76543210|76543210|76543210|76543210| 76543210 ?554321D|
b0 b1 b2 b3 b4 b5 b6 b7

C.7.3 PC 4-byte (SinglePrecision) Real Numbers

e0-bit  m-sign

m2 mi mO el
76543210|76543210|76543210|76543210

b0 b1 b2 b3
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C.8 PC_COMPLEX

Aliases: None

PC complex numbers consist of two PC_REAL format numbers of the same precision,
contiguous in memory. The first number represents the real part and the second the imaginary
part of the complex value.

For more information on using PC_REAL formats, see Section C.7.
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C9 VAX_REAL,VAXG_REAL

Aliases. VAX_DOUBLE for VAX_REAL only.
No aliasesfor VAXG_REAL

This section describes the interral format corresponding to the VAX_REAL and VAXG_REAL
data types. In this section the following definitions apply:

b0 — b15

m-sign

e0—-el

Arrangement of bytes as they appear when read from afile (e.g., read b0
first, then b1, b2 and b3)

Mantissa sign bit

Arrangement of the portions of the bytes that make up the exponent, from
lowest order to highest order. The bits within each byte are interpreted
from right to left (e.g., lowest value = rightmost bit in the exponent part of
the byte, highest value = leftmost bit in the exponent part of the byte) in
the following way:

16-bytes (H-type, quad precision):
In €0, bits 0-7 represent 2** 0 through 2** 7
In el, bits 0-6 represent 2** 8 through 2** 14
Exponent bias = 16385

8-bytes (G-type, double precision):
In €0, bits 4-7 represent 2**0 through 2** 3
In el, bits 0-6 represent 2** 4 through 2**10
Exponent bias = 1025

8-bytes (D-type, double precision):
In €0, bit 7 represents 2**0
In el, bits 0-6 represent 2** 1 through 2** 7
Exponent bias = 129

4-bytes (F-type, single precision):
In €0, bit 7 represent 2**0
In el, bits 0-6 represent 2** 1 through 2**7

Exponent bias = 129
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m0 —m13

16-bytes (H-type, quad precision):

In mO, bits 7-0 represent 1/2** 1 through 1/2**8

In m1, bits 7-0 represent 1/2**9 through 1/2** 16

In m2, bits 7-0 represent 1/2** 17 through 1/2**24
In m3, bits 7-0 represent 1/2** 25 through 1/2** 32
In m4, bits 7-0 represent 1/2** 33 through 1/2** 40
In m5, bits 7-0 represent 1/2**41 through 1/2** 48
In M6, bits 7-0 represent 1/2** 49 through 1/2** 56
In m7, bits 7-0 represent 1/2**57 through 1/2** 64
In m8, bits 7-0 represent 1/2** 65 through 1/2** 72
In M9, bits 7-0 represent 1/2** 73 through 1/2**80
In m10, bits 7-0 represent 1/2** 81 through 1/2** 88
In m11, bits 7-0 represent 1/2** 89 through 1/2** 96

In m12, bits 7-0 represent 1/2** 97 through 1/2**104
In m13, bits 7-0 represent 1/2** 105 through 1/2** 112

8-bytes (G-type, double precision):

In MO, bits 3-0 represent 1/2**1 through 1/2**4
In m1, bits 7-0 represent 1/2**5 through 1/2** 12
In m2, bits 7-0 represent 1/2** 13 through 1/2** 20
In m3, bits 7-0 represent 1/2** 21 through 1/2** 28
In m4, bits 7-0 represent 1/2** 29 through 1/2** 36
In m5, bits 7-0 represent 1/2** 37 through 1/2** 44
In M6, bits 7-0 represent 1/2**45 through 1/2**52

8-bytes (D-type, double precision):

In mO, bits 6-0 represent 1/2** 1 through 1/2**7

In m1, bits 7-0 represent 1/2** 8 through 1/2**15
In m2, bits 7-0 represent 1/2** 16 through 1/2** 23
In m3, bits 7-0 represent 1/2** 24 through 1/2** 31
In m4, bits 7-0 represent 1/2** 32 through 1/2** 39
In m5, bits 7-0 represent 1/2** 40 through 1/2** 47
In M6, bits 7-0 represent 1/2** 48 through 1/2**55

4-bytes (F-type, single precision):

In mO, bits 6-0 represent 1/2** 1 through 1/2**7
In m1, bits 7-0 represent 1/2** 8 through 1/2**15
In m2, bits 7-0 represent 1/2** 16 through 1/2**23

C-19

Arrangement of the portions of the bytes that make up the mantissa, from
highest order fractions to the lowest order fraction. The order of the bits

within each byte progresses from left to right, with each bit representing a
fractional power of two, in the following way:
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The following representations all follow this format:
l.mantissa” 2**(exponent — bias)
Note that the integer part (“1.”) isimplicit in al formats except the 10-byte (temporary) real

format, as described above. In all cases the exponent is stored as an unsigned, biased integer (that
is, the stored exponent value — bias value = true exponent).

C.9.1 VAX 16-byte H-type (Quad Precision) Real Numbers

m-sign

el ¢ el mi mi m3 m2 ms md

76543210 | 76543210 | 76543210 | 76543210 | 76543210 | 76543210 | 76543210 | 76543210

b0 b1 b2 b3 b4 bs bE b7

my7 m& ma m8a mi1 m10 mi13 miz2

76543210 | 76543210 | 76543210 | 76543210 | 76543210 | 76543210 | 76543210 | 76543210

b8 b9 b10 b11 b12 b13 b14 b15

C.9.2 VAX 8-byte G-type (Double Precison) Real Numbers

m-sign

el mt}l e m2 m1 m4 m3 me6 m5
76543210|76543210|76543210|76543210|76543210|76543210|76543210|76543210
b0 b1 b2 b3 b4 b5 b6 b7
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C.9.3 VAX 8-byte D-type (Double Precison) Real Numbers
e0-bit m-sign
i mO l el mz2 m1 m4 m3 m6 m5
76543210|76543210|76543210{76543210|76543210|76543210{76543210| 76543210
b0 b1 b2 b3 b4 b5 b6 b7

C.94 VAX 4-byte F-type (Single Precision) Real Numbers

e0-bit  m-sign

lm{} im m2

m
76543210|7654321 D‘?554321 0176543210
b0 b1 b2 b3
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C.10 VAX_COMPLEX, VAXG_COMPLEX

Aliases: None

VAX complex numbers consist of two VAX_REAL (or VAXG_REAL) format numbers of the
same precision, contiguous in memory. The first number represents the real part and the second
the imaginary part of the complex value.

For more information on using VAX_REAL formats, see Section C.9.
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C.11 MSB_BIT_STRING

Aliases: None

This section describes the storage format for bit strings stored in Most Significant Byte first
(MSB) format. In this section the following definitions apply:

b0 — b3 Arrangement of bytes as they appear when read from afile (e.g., read bO
first, then bl, b2 and b3)

The bits within a byte are numbered from left to right, as shown below:

76543210
bit 1 bit 8

Note that in the case of MSB bit strings, no byte-swapping is required. That is, the physical
storage order of the bytesis identical to the logical order.

C.11.1 MSB n-byteBit Strings

bits bits bits bits bits
1-8 9-16 17-24 25-32 ((nxB)-7) - (nx8)
TE543210 | 76543210 | 76543210 | 76543210 . - .
b0 b1 b2 b3 b x (n-1)

C.11.2 MSB 2-byte Bit String

bits hits
1-8 8-16

76543210 | 76543210

bo b1



C-24 Appendix C. Internal Representation of Data Types

C.11.3 MSB 1-byteBit String

bits
1-8

76543210

bo
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C.12 LSB_BIT_STRING

Aliases: VAX_BIT_STRING

This section describes the structure of bit strings stored in Least Significant Byte first (L SB)
order. In this section, the following definitions apply:

b0 — b3 Arrangement of bytes as they appear when read from afile (e.g., read b0
first, then b1, b2 and b3)

The bits within a byte are numbered from left to right, as shown below:

76543210
bit 1 bit 8

Note that for LSB bit strings byte-swapping is required to convert the storage order of bytesto
the logical order.

C.12.1 L SB4-byteBit String
Physical order (as read from the file):

bits bits bits bits
25-32 17-24 8-16 1-8

76543210 | 76543210 | 76543210 | 76543210

b0 b1 b2 b3

Logical order (after byte-swapping):

bits bits bits bits
1-8 9-16 17-24 25-32

76543210 | 76543210 | 76543210 | 76543210

b3 b2 b1 b0
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C.12.2 LSB 2-byteBit String

Physical order (as read from the file):

bits bits
9-16 1-8

76543210 | 76543210

bO b1
Logical order (after byte-swapping):
bits bits
1-8 9-16

76543210 | 76543210

b1 b0

C.12.3 LSB 1-byteBit String

bits
1-8

76543210

bO

Note that in this degenerate case no byte-swapping is required.
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The examplesin this Appendix are based on existing or planned PDS archive volumes, and have been

modified to reflect the most recent version of the PDS standards.
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D.1 AAREADME.TXT

Each PDS archive volume shdl include an “AAREADME.TXT” file that contains an overview of the
contents and structure of the volume. An annotated outline is provided here as guidance for compiling

thisfile

D.1.1 Annotated Outline

PDS TEXT Object (must appear in an attached or detached label)
VoumeTitle
Contents

1. Introduction
a. Science data content
b. Conformance to PDS standards
c¢. Document or ingtitutiona references for additiona science information

2. Volume format
a Computer systems that can access the volume
b. International standards to which the volume conforms

3. Fleformats
a Datarecord formats
b. Specifications for specidized files (e.g., Postscript)
c. Description of PDS objects, pointers, etc.

4. Volume contents
a Directory gructure of the volume

5. Recommended CD-ROM drives (if applicable)
a Driver descriptions and notes for dl gppropriate computer platforms

6. Errata (if applicable)
a. Known errors, cautionary notes, disclamers, etc.
b. Reference to the ERRATA.TXT file on the volume or online

7. Contacts
a Names and addresses of people or organizations to contact for questions
concerning science data, technical support, data product generation and labelling,
etc.
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D.1.2 Example

The fallowing is an example of an AAREADME.TXT file used on a PDS archive volume that does not
usethelogica volume congruct. Note that section 3 in the example would need to be updated if logical
volumes were present.

PDS_VERSI ON_I D = PDS3
RECORD_TYPE = FI XED_LENGTH
RECORD_BYTES = 80
SPACECRAFT_NAME = MAGELLAN
TARGET_NAME = VENUS
OBJECT = TEXT
PUBLI CATI ON_DATE = 1994-06-01
NOTE = "MAGELLAN LOSAPDR ARCHI VE CD- WO'
END_OBJECT = TEXT
END

MAGELLAN LOSAPDR ARCHI VE CD- WO

1. Introduction

This CD-WO contains Magellan Cycle 4 LOSAPDR (Line of Sight Acceleration Profile Data
Record) products. It also contains docunentation which describe the LOSAPDRs. Each
LOSAPDR product contains the results from processing of radio tracking data of the
Magel | an spacecraft. There are 866 LOSAPDRs on this vol ume.

The LOSAPDR products archived on this volume are the exact products released by the
Magel | an Proj ect. Supporting documentation and |abel files conformto the Planetary
Data System (PDS) Standards, Version 3.0, Jet Propul sion Laboratory (JPL) docunent JPL
D- 7669.

Addi tional information about the Magellan gravity experinment, including the

acqui sition, processing, and quality of the LOSAPDR data, can be found in JPL
docunments that are available fromthe PDS Geosci ences Node, Washington University, St.
Louis, MO.

2. Di sk Format

The di sk has been formatted so that a variety of conputer systens (e.g. |BM PC
Maci nt osh, Sun) may access the data. Specifically, it is formatted according to the

| SO 9660 | evel 1 Interchange Standard. For further information, refer to the |1SO 9660
St andard Docunment: RF# | SO 9660-1988, 15 April 1988

3. File Formats

Each orbit for which gravity data exists is represented by one LOSAPDR data file. The

LOSAPDR is an ASCI| file. The data file contains 3 tables: 1) HEADER TABLE; 2)

TI MES_TABLE; and 3) RESULTS_TABLE. The HEADER TABLE is a single-row nulti-colum table
containing information on initial values, control paraneters, and sinple cal cul ations

required by the programthat generates the data files. The TIMES_TABLE is a single

col um cont ai ni ng exact tines bounding spline intervals to the Doppl er residuals. The

nurmber of rows is variable. The RESULTS TABLE contains the results fromspline fits to
Doppl er residuals. Each row in the table contains times, Doppler residuals, spacecraft
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position and velocity information, and inferred spacecraft acceleration. The data
files are described by PDS | abel s enmbedded at the beginning of the file. Further
informati on on LOSAPDR file formats and contents can al so be obtained fromthe
Magel | an Software I nterface Specification (SI'S) document NAV-138. A copy of the
document is stored on this disk as file LOSAPDR. TXT in the DOCUMENT directory.

Al'l document files and detached | abel files contain 80-byte fixed-length records, with
a carriage return character (ASCII 13) in the 79th byte and a line feed character
(ASCIl 10) in the 80th byte. This allows the files to be read by the MacOS, DOS, Uni x
and VMS operating systens. All tabular files are also described by PDS | abels, either
enbedded at the beginning of the file or detached. |If detached, the PDS | abel file has
the sanme nane as the data file it describes, with the extension .LBL; for exanple, the
file I NDEX. TAB i s acconpani ed by the detached | abel file INDEX.LBL in the same
directory.

Tabular files are formatted so that they nay be read directly into many dat abase
managenent systens on various conputers. All fields are separated by comms, and
character fields are enclosed in double quotation marks ("). Character fields are |left
justified, and nuneric fields are right justified. The "start byte" and "bytes" val ues
listed in the | abels do not include the comms between fields or the quotation marks
surroundi ng character fields. The records are of fixed |length, and the |Iast two bytes
of each record contain the ASCII carriage return and line feed characters. This all ows
a table to be treated as a fixed length record file on conmputers that support this
file type and as a normal text file on other conmputers

A PostScript file, REPORT.PS, is included on this volume. This PostScript docunent is
a validation report that lists all LOSAPDRs, and gives specific information, conments
and the status of each data file after a quality check and validation at the PDS
Geophysi cs Subnode. The docunent is described by the detached | abel file, REPORT.LBL.
The docunent can also be viewed by a Display PostScript program and can be printed out
froma PostScript printer. The ASCI| text version of the PostScript file is

REPORT. ASC

PDS | abel s are object-oriented. The object to which the label refers (e.g., |MAGE,
TABLE, etc.) is denoted by a statenment of the form

Aobject = location

in which the carat character (", also called a pointer in this context) indicates that
the object starts at the given location. In an attached |abel, the location is an
i nteger representing the starting record nunber of the object (the first record in the
file is record 1). In a detached | abel, the location denotes the name of the file
containing the object, along with the starting record or byte number. For exanple:

ATABLE = "1 NDEX. TAB"
i ndi cates that the TABLE object points to the file | NDEX. TAB

Pointers to data objects are always required to be located in the sane directory as
the label file, so the file INDEX. TAB in this exanple is located in the sanme directory
as the detached |abel file.

Ot her types of pointer statements can also be found on this volune. To resolve the

poi nter statement, first look in the same directory as the file containing the pointer
statement. |f the pointer is still unresolved, look in the followi ng top |eve
directory:

A STRUCTURE - LABEL directory

N CATALOG - CATALOG directory

~DATA_SET_MAP_PRQJECTI ON - CATALOG directory

ADESCRI PTI ON - DOCUMENT directory.
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Below is a list of the possible formats for the ”“object keyword.

"object = n

Nobj ect = n<BYTES>
Aobject = "filenane.ext"
Nobject = ("filenane.ext",n)

Nobject = ("filenane.ext", n<BYTES>)

wher e
n is the starting record or byte nunber of the object,
counting fromthe beginning of the file (record 1,
byte 1)
<BYTES> indicates that the number given is in units of bytes
filename is the upper-case file nane
ext is the upper-case file extension

4. CD-ROM Contents

The files on this CD-ROM are organi zed in one top-level directory with several
subdirectories. The follow ng table shows the structure and content of these
directories. In the table, directory names are enclosed in square brackets ([]),
upper-case letters indicate an actual directory or file name, and | ower-case letters
i ndicate the general formof a set of directory or file names.

FI LE CONTENTS

Top-level directory

AAREADME. TXT The file you are reading.

ERRATA. TXT Description of known anonmlies and errors
present on this vol une.

ROM volune in a format readable

- VOLDESC. CAT A description of the contents of this CD
by both humans and conputers.

[ CATALOG] A directory containing informati on about the
| LOSAPDR dat aset .

CATALOG. CAT PDS catal og objects. M ssion, spacecraft
and instrument descriptions.

I

| -

I

I

| - CATI NFO. TXT Description of files in the CATALOG
I

I

| -

directory.
DATASET. CAT PDS dat aset catal og object. A description

of the dataset, paranmeters, processing, data
coverage and quality.

- [ DATA] A directory containing LOSAPDR data files.
| - [ mmmmnnn] Directories containing LOSAPDR data files
| for orbits between 'mmm and ' nnnn'.

I
| | - LOnmmm 001 LOSAPDR file for orbit nunmber 'mmmi .

- [ DOCUMENT] A directory containing document files

relating to this disk.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
| | - DOCI NFO. TXT Description of files in the DOCUMENT
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directory.

- LOSAPDR. TXT A machi ne readabl e version of the LOSAPDR
SI'S docunent describing the format and
content of the data files.

- REPORT. ASC ASCI | text version of REPORT.PS.
- REPORT. LBL A PDS detached | abel describing REPORT. ASC & REPORT. PS.
- REPORT. PS A Post Script docunent that gives specific

informati on about each LOSAPDR after a
qual ity check and validation.

- [ I NDEX] A directory containing index files relating
to this disk.

| NDEX. LBL A PDS detached | abel describing | NDEX. TAB.

| NDEX. TAB Tabul ar summary of data files.

|
|
| -
|
| -
|
| - | NDXI NFO. TXT Description of files in the I NDEX directory.

5. Recommended CD-ROM Drives and Driver Software

VAX/ VMS
Drive: Digital Equi pment Corporation (DEC) RRD40 or RRD50. Driver: DEC VFS CD- ROM
driver V4.7 or V5.2 and up.

Note: The driver software may be obtained from Jason Hyon at JPL. It is
necessary to use this driver to access Extended Attribute Records (XARs) on
a CD- ROM

VAX/ Ul trix

Drive: DEC RRD40 or RRD50. Driver: Supplied with Utrix 3.1.

Note: Internet users can obtain a copy of the "cdi o" software package via
anonymous ftp fromthe "space.mt.edu" server in the file named
"src/cdio.shar". Contact Dr. Peter Ford at Massachusetts Institute of
Technol ogy for details (617-253-6485 or pgf @pace. mt.edu).

| BM PC
Drive: Toshiba, Hitachi, Sony, or conpatible. Driver: Mcrosoft MSCDEX version 2.2.

Not e: The | atest version of MSCDEX (released in February 1990) is generally
avai |l able. Contact Jason Hyon for assistance in |locating a copy.

Appl e Macintosh
Drive: Apple CD SC (Sony) or Toshiba. Driver: Apple CD-ROM driver.

Not e: The Toshi ba drive requires a separate driver, which may be obtained
from Toshi ba.

Sun Mcro (SunCS 4.0.x and earlier)
Drive: Delta M crosystens SS-660 (Sony). Driver: Delta M crosystenms driver or SUN sr.o
Driver.

Not e: For questions concerning this driver, contact Denis Down at Delta
M crosystems, 415-449-6881.
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Sun Mcro (SunOS 4.0.x and |ater)
Drive: Sun M crosystens. Driver: SunOS sr.o driver.

Note: A patch nust be made to SunOS before the Sun driver can access any
CD-ROM files containing Extended Attribute Records. A copy of this patch
is available to Internet users via anonymous ftp fromthe "space.mt.edu"
server in the file named "src/ SunGCS. 4. x. CD- ROM pat ch".

6. Errata and Di scl ai mer

A cunmul ative list of anomalies and errors is maintained in the file ERRATA. TXT at the
root directory of this volune.

Al t hough consi derabl e care has gone into making this volune, errors are both possible
and |likely. Users of the data are advised to exercise the same caution as they would
when dealing with any other unknown data set.

Reports of errors or difficulties would be appreciated. Please contact one of the
persons |isted herein.

7. Whom to Contact for Information
For questions concerning this volunme set, data products and docunentation:

Ji m Al exopoul os

Washi ngton University Dept. of Earth and Pl anetary Sciences
1 Brookings Drive

Canpus Box 1169

St. Louis, MO 63130

314-935-5365

El ectronic mail address: Internet: jim@wzzy.wustl.edu

For questions about how to read the CD- ROM

Jason J. Hyon

Jet Propul sion Laboratory
California Institute of Technol ogy
4800 Oak Grove Drive MS 525-3610
Pasadena, CA 91109

818- 306- 6054

El ectronic mail addresses:
Internet: jhyon@ pl pds.jpl.nasa.gov
NASAmMai | : JHYON
NSI : JPLPDS: : JHYON X. 400:
(I D: JHYON, PRVD: NASAMAI L, ADMD: TELEMAI L, C: USA)

For questions concerning the generation of LOSAPDR products:

WIlliamL. Sjogren

Magel l an Gravity Principal Investigator
Jet Propul sion Laboratory

California Institute of Technol ogy

4800 OCak Grove Drive Ms 301-150
Pasadena, CA 91109 818-354-4868
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El ectronic mail address:

Internet: w s@onad.jpl.nasa.gov

For questions concerni ng LOSAPDR dat a:

WIlliamL. Sjogren
Jet Propul sion Laboratory Pasadena, CA

Dr. Roger J. Phillips

Appendix D. Examples of Required Files

Washi ngton University Dept. of Earth and Pl anetary Sciences

1 Brookings Dr. Canpus Box 1169
St. Louis, MO 63130 314-935-6356

El ectronic mail address: Internet: phillips@wustite.wstl.edu

For questions concerni ng LOSAPDR | abel s:

Dr. Richard Sinpson
Stanford University
Durand Bl dg. Room 232
Stanford, CA 94305-4055
415-723- 3525

El ectronic mail address: Internet: rsinpson@mgell an.stanford. edu

This di sk was produced by Ji m Al exopoul os.
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D.2 INDXINFO.TXT

Each PDS archive volume shdl include an “INDXINFO.TXT” filein the INDEX subdirectory that
contains an overview of the contents and structure of the index table or tables on the volume aswdll as
usage notes. An example is provided here as guidance for compiling thisfile

D.2.1 Example
CCSD3ZF0000100000001NJPL3I FOPDSX00000001
PDS_VERSI ON_I D = PDS3
RECORD_TYPE = STREAM
OBJECT = TEXT
NOTE = "Notes on using the imge index tables."
PUBLI CATI ON_DATE = 1990-12-20
END_OBJECT = TEXT
END

NOTES ON USI NG THE | MAGE | NDEX TABLES

These notes describe the contents and format of the two inmage index tables on this CD-
ROM | NDEX. TAB and CUM NDEX. TAB.

The i mage index table (INDEX. TAB) contains one record for each image file on this
Viking Orbiter CD-ROM The cumul ative i mage i ndex table (CUM NDEX. TAB) contai ns one
record for each inage file on all the Viking O biter CD-ROVs published so far. The
follow ng description applies to both of these tables

The image index tables are formatted so that they may be read directly into many
dat abase managenent systens on various conputers

All fields are separated by commas, and character fields are enclosed in double
quotation marks ("). Each record contains 512 bytes of ASCI| character data (1
character = 1 byte). Bytes 511 and 512 contain the ASCI| carriage return and |ine
feed characters. This allows the table to be treated as a fixed length record file on
conputers that support this file type and as a normal text file on other conputers.
The structure and content of the image index tables are described in the file

VOLI NFO. TXT | ocated in the DOCUMENT directory. The files |INDEX. LBL and CUM NDEX. LBL
contain | abels for | NDEX. TAB and CUM NDEX. TAB coded in the Object Description Language
(ODbL), providing a formal description of the index table structure

Users of most commerci al dat abase management systems should be able to use the Iist

bel ow to define the nanes and characteristics of each field and then to |oad the
tables into their systems using a delinmted ASCII text input format. |f necessary the
specific colum start positions and | engths can be used to |oad the data.

For personal conputer users, DBASE Il DBF structures are also provided in the files
| NDEX. DBF and CUM NDEX. DBF. These files can be used to | oad the | NDEX. TAB or

CUM NDEX. TAB files into DBASE IIl or IV with the foll owi ng commands

USE | NDEX

APPEND FROM | NDEX. TAB DELI M TED

USE CUM NDEX
APPEND FROM CUM NDEX. TAB DELI M TED
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Once the table is |loaded into DBASE IIl, it can generally be automatically |oaded into
ot her data nmanagers or spreadsheets that provide search and retrieval capabilities.
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D.3 SOFTINFO.TXT

Each PDS archive volume that contains software (in the SOFTWARE subdirectory) shal indude a
“SOFTINFO.TXT” file. Thisfile contains a description of the software and usage information. An
outline and example are provided here as guidance for compiling thisfile.

D.3.1 Outline

D-11

PDS TEXT Object (must appear in an attached or detached label)

Contents

1. Introduction

2. Software Description

A brief description of software included on the volume. This can be broken down into
separate sections for each type of software. This should indicate where the software and its
documentation reside in the software hierarchy, as well as describe any known limitations or

problems.

3. Software Directory Structure (optional)

4. Software License Information and Disclaimers (if appropriate)

D.3.2 Example

PDS_VERSI ON_I D

RECORD_TYPE
RECORD_BYTES
OBJECT

| NTERCHANGE_FORMAT
PUBLI CATI ON_DATE
NOTE

END_OBJECT
END

1. Introduction

Cl ementine

= PDS3

FI XED_LENGTH

80

TEXT

ASCI |

1994-10-01

"Description of software provided with the
Cl ementi ne CD- ROM set"

= TEXT

Sof t war e

This directory contains software that provides display and processing
capabilities for the Clenentine data archived on this CD-ROM set.

2. Software Description



D-12 Appendix D. Examples of Required Files

2.1. Deconpression Software

The PCDOS, MACSYS7 and SUNCS subdirectories all contain software which can be used to
deconpress the Clenmentine raw i nages. CLEMDCMP will deconpress the raw i mage and
output it into one of four formats:

1) deconpressed PDS | abeled file which contains PDS |abels, the histogram object,
and an

i mge object, either the browse imge or the full inage

2) deconpressed imge file, no | abels

3) a deconpressed inmage in the G F formt

4) a deconpressed inmage in the TIFF format

The source code is provided in the SRC subdirectory, of each platform subdirectory.
Instructions on howto install and run the software is in the file CLEMDCMP. TXT in the
DOC subdirectory, of each platform subdirectory.

Because the i mage deconpressi on program CLEMDCMP, requires a Discrete Cosine
Transform (DCT) it may take several m nutes to deconpress an image on hardware
platforns with slow processors. For exanple, in tests on a Macintosh Ilci, the
deconpressi on takes approxi mately 4 m nutes. CLEMDCMP has been tested on hardware
platforns with processors, such as an Intel 486DX2/66- Mz, and the deconpression takes
just several seconds.

2.2. Display Software

CLI MDI SP in the PCDOS/BIN subdirectory is an i mage di splay and processing program |t
can be used to display Clenmentine unconpressed i mages and hi stograms. See

CLI MDI SP. TXT in the PCDOS/ DOC subdirectory for instructions on howto install and run
the program

Note: CLIMDISP currently can not create G F formatted files for the Clenmentine i mages.
Addi tionally, it can not read the version of G F files created by the Clenentine
Deconpressi on (CLEMDCMP) program which is also included on the Clementine EDR Archive
CD-ROMs. |f you wish to display Clementine i mages with CLI MDI SP, generate a PDS for mat
imge file when deconpressing with CLEMDCMP.

A special version of NIH Image, found in the MACSYS7/BIN subdirectory, will display
PDS deconpressed Clenentine i mages. This programis stored in a Stuffit file which is
in BinHex format. See | MAGE. TXT in the DOC subdirectory for instructions on howto
install and run the program

The Clenmentine EDR inage files use the PDS | abel constructs RECORD_TYPE = "UNK", and
Al MAGE = xxxxx <BYTES> to define the structure of the file. This formof the labels is
not supported by the current versions of |IMDISP and | MAGE4PDS that are widely

di stributed by the PDS. To read Cl ementine deconpressed formatted files use the
version of | MAGE

and CLI MDI SP prograns that are supplied on this CD-ROM The Cl enentine versions

CLI MDI SP and | MAGE have been tested only on the Clenentine data products. No attenpt
has been made to determine if the Clenentine programversions will work on any other
PDS data product.

XV is a shareware program for displaying images. XV was witten by John Bradl ey of
the University of Pennsylvania. It is in a conpressed tar file in the SUNOS/ SRC
subdirectory. See XV.TXT in the SUNOS/ DOC subdirectory for instructions on howto
deconpress and untar this file. XV will not display PDS | abeled files, but wll
display TIF and G F formatted files.

The XV software, for image display on a sun/unix environnment, is not able to read
the Clementine PDS | abeled files. If you intend to use XV as the display system for
the CLenentine data products, output G F or TIFF images with the CLEMDCMP program



Appendix D. Examples of Required Files D-13

2.3. SPICE Software

I ncl uded on one of the ancillary disks associated with this volune set is the

Navi gation and Ancillary Information Facility (NAIF) Tool kit and some additional NAIF
software. The mmjor conponent of the NAIF Toolkit is the SPICE Library (SPICELIB), a
coll ection of portable ANSI FORTRAN 77 subroutines. Sone of these subroutines are used
to read the SPICE kernel files containing Clenmentine ancillary data, such as
spacecraft position, spacecraft attitude, instrunent orientation and target body size
shape and orientation. O her SPICELIB subroutines may be used to conpute typica
observati on geonetry paranmeters--such as range, lighting angles, and LAT/LON of canera
optic axis intercept on the target body. Several utility prograns and SPI CELI B
denonstration prograns are also included in the Tool kit. Versions of this software
tested on many popul ar platforms are provided, as are instructions for porting the
code to additional platforns. The FORTRAN subroutines can be called froma user's own
application program whether witten in FORTRAN or C, or possibly yet another

| anguage. Consult your conpiler's Reference Manual for instructions. One of the NAIF

progranms included in this software collection is PICGEO (for Picture Geonmetry). It
was used to conpute all of the geometric paraneters appearing in the inmage |abels and
index tables. It is included so that users nmay clearly see the algorithms used in

conputing these quantities, and so that recal culation of inmage |abel geonmetry
parameters using revised algorithms, or adding additional paraneters, can be easily
achi eved.

2.4. M scellaneous | mage Processing Software

MSHELL is an interactive conmand |line and nenu driven | mage and Signal processing

| anguage, devel oped by ACT Corp., which runs under the M crosoft Wndows 3.x or

M crosoft NT. MSHELL provides powerful scientific imge and signal visualization and
processing. A number of custom features were added to the MSHELL | nmage/ Si gha
Processing Environment to support the Clenmentine Program This software is included on
one of the ancillary disks associated with this volume set, and will be under a subdi-
rectory of the PCDOS directory.

3. Software Directory Hierarchy

The SOFTWARE subdirectories are based on hardware platforns. Under each platform
subdirectory, the executables are in the BIN subdirectory, the source is in the SRC
subdirectory and docunentati on on each programis in the DOC subdirectory. Each DOC
subdirectory contains a file, SWNV.CAT which is part of the PDS Software |nventory
descri bing software available within the Planetary Sci ence Community. The contents of
the SOFTWARE directory are shown bel ow.

SOFTWARE]
- SOFTI NFO. TXT

- [ PCDOS]
I
-[BIN]
I
| - CLEMDCMP. EXE
| - CLI MDI SP. EXE
| - CLI MDI SP. HLP

-[ SRC]
|
| - CLEMDCMP. C
| - PDS. C
| - BI TSTRM C
|

[
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
| - DECOWP. C
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| - HUFFMAN. C

| - WRI TEGI F. C

| - PDS. H

| -JPEG C. H

| - CLEMDCMP. MAK

- [ DAC]

- CLI MDI SP. TXT

|
| - CLEMDCMP. TXT
|
| - SW NV. CAT

- [ MACSYST]

| - CLEMDEXE. HQX
| - | MAGE. HQX

| - CLEMDCMP. TXT
| - | MAGE. TXT
| - SW NV. CAT

- [ SUNGS]

| - CLEMDSRC. TZU
| - XV3A. TZ

- SW NV. CAT

Appendix D. Examples of Required Files
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D.4 VOLDESC.CAT

Thisfile contains the VOLUME object, which provides a high-level description of the contents of an
archive volume.

The VOLDESC.CAT file must be present at the root level of the archive volume. If the archive volume
containslogica volumes, then a VOLDESC.CAT file must be present at the root level of each logical |
volume. See Section A.28 for more information on using the VOLUME object and for examples of the
VOLDESC.CAT file.
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Appendix E. NAIF Toolkit Directory Structure

This appendix contains the software directory structure of the NAIF Toolkit for a SUN. It isan
example of a platform-based model for a single platform. Note that the directory organization
shown here does not strictly conform to the recommendations discussed in the Volume
Organization and Naming chapter of this document.

Chapter Contents

Appendix E. NAIF ToolKit DIireCtory StrUCIUIE.........cceerieeieseerie et eee et E-1
S N I I L=t o PSP E-2
E.2  TOOLKIT DITECIOMY.....eiuiitiitieieeieeeetesiesie sttt n e e snenae e E-3
E.3  USING the NAIF TOOIKIT ......ccviieiieiieeiesiesie s ee et ee et ae e nne e E-12

E4  NAIFsFile Naming CONVENLIONS ........ccceiiiiiieiieciiecie et sieesies e sree e sree e E-13
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E.2 TOOLKIT Directory

The TOOLKIT directory contains the file make_toolkit.csh. Thisisa C shell script that builds all
of the object libraries and executables in the TOOLKIT.

(directory under which you installed the NAIF Toolkit)
naif

toolkit

make toolkit.csh

TOOLKIT daso contains severa subdirectories that will be described in more detail in the
following sections.

(directory under which you installed the NAIF Toolkit)
naif

toolkit

| ] | | [ [

src lib exe doc eic example_data

1. SRC
The subdirectories of this directory contain all of the source code for the products in the
TOOLKIT.

2. LIB
This directory contains al of the TOOLKIT object libraries.

3. EXE

This directory contains all of the TOOLKIT executables, and where applicable, scripts to run the
executables.
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4. DOC

This directory contains al of the TOOLKIT documentation. This includes user’s guides for the
programs, “Required Reading” files for SPICELIB, documents describing the contents of
SPICELIB such as the “Permuted Index and Module Summary,” and documents describing the
contents and installation of the Toolkit.

5. ETC

The subdirectories of this directory contain product-specific files that are neither source,
documentation, nor data. These include configuration files, set up files, and help files. The
subdirectory build contains the C shell script that creates the toolkit object libraries and
executables.

6. EXAMPLE_DATA

This directory contains example data for use with the cookbook and sptest programs. These files
are to be used only with these programs.

E21 SRC

The SRC directory contains one subdirectory for each product in the NAIF Toolkit. Each of
these product directories contains the source code files and procedures to create the executable or
object library.

(directory under which you installed the NAIF Toolkit)

naif

toolkit

spicelib support spacit commnt cookbook sptest inspekt
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E.211 SPICELIB

SPICELIB is a Fortran source code library that contains approximately 650 functions,
subroutines, and entry points.

This directory contains the SPICELIB source files.
(directory under which you installed the NAIF Toolkit)

naif

toolkit

src

spicelib
" f

E.212 SUPPORT

SUPPORT is a Fortran source code library that contains routines that support the Toolkit
programs. These routines are not intended to be used by anyone except NAIF. These routines are
not officially supported and may undergo radical changes such as calling sequence changes.
They may even be deleted. Do not use them!

This directory contains the SUPPORT library source files.

(directory under which you installed the NAIF Toolkit)

naif

toolkit

src

support

=f
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E.213 SPACIT

Soacit is a utility program that performs three functions: it converts transfer format SPK, CK and
EK filesto binary format, it converts binary SPK, CK and EK files to transfer format, and it
summarizes the contents of binary SPK, CK and EK files.

This directory contains the source code for the spacit main program and supporting routines.

(directory under which you installed the NAIF Toolkit)
naif

toolkit

sSrc
spaclit

spaclit.main
4

E214 COMMNT

Commnt is a utility program that is used to add comments, extract comments, read comments, or
delete comments in SPICE SPK, CK and EK files.

This directory contains the commnt main program source file.

(directory under which you installed the NAIF Toolkit)

|

naif

toolkit

sIc

commnt

commnt.main
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E.215 COOKBOOK

The COOKBOOK programs are sample programs that demonstrate how to use SPICEL 1B
routines to obtain state vectors, convert between different time representations, manipulate the
comments in binary SPK and CK files, and solve simple geometry problems.

This directory contains the COOKBOOK program source files.

(directory under which you installed the NAIF Toolkit)
naif
toolkit

src

cookbook

fstspk.main
simple.main
states.main
subpt.main
tictoc.main

E.216 INSPEKT

Inspekt is a program that allows youto examine the contents of an events component of an E-
kerndl.

This directory contains the source code for the inspekt main program and supporting routines.
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(directory under which you installed the NAIF Toolkit)
naif
toolkit

SIc

inspekt

inspekt.main
L
*inc

E.21.7 SPTEST
Sptest is a utility program that tests the SPK file readers by comparing states read on the NAIF
VAX with states read on the target machine.

This directory contains the sptest program source file.

(directory under which you installed the NAIF Toolkit)

sptest

sptest.main
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E22 LIB

The LIB directory contains spicelib.a, the object library for SPICELIB. It also contains the
object library support.a, but this library is for use by the Toolkit programs only. Do not link your
applications with it!

(directory under which you installed the NAIF Toolkit)

naif

toolkit

lib

spicelib.a
support.a

E23 EXE

The EXE directory contains the NAIF Toolkit executables and, where applicable, scriptsto run
executables.

(directory under which you installed the NAIF Toolkit)

naif

|

toolkit

exe

commnt
fstspk
inspekt
simple
spacit
sptest
states
subpt
tictoc
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E24 DOC

The DOC directory contains al of the TOOLKIT documentation that is available on-line. This
includes the user’s guides for the programs, all “Required Reading” files for SPICELIB, all
documents describing the contents and porting of SPICEL 1B, and documents describing the
installation and contents of the Toolkit. Please note that the INSPEKT user’s guide is not
available on-line.

(directory under which you installed the NAIF Toolkit)
naif

toolkit

doc

commnt.ug
fstspk.ug

simple.ug

spacit.ug

sptest.ug

states.ug

subpt.ug

tictoc.ug

*.req

category.txt
libsum.txt
permuted_index.txt
porting.txt
toolkit_install.txt
toolkit_description.txt
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E25 ETC

The ETC directory contains all files for the Toolkit products that are not source, documentation,
or data such as set up files, configuration files or help files. It also contains the C shell script
used to build the toolkit object libraries and executables.

(directory under which you installed the NAIF Toolkit)

naif

toolkit

etc

I | I | I I I I

spicelib support spacit commnt cookbook sptest build build_it.csh

E.26 EXAMPLE_DATA

The EXAMPLE_DATA directory contains all of the NAIF Toolkit data. This data are intended
only to be used with the TOOLKIT programs, and are included only to help you get started using
the Toolkit.

(directory under which you installed the NAIF Toolkit)

naif

example_data

cook_01.tc
cook_01.tls
cook_01.tpc
cook_01.tsc
cook_01.tsp
cook_02.tc
cook_02.tsp
sptest.gen
sptest.rgs
sptest.tsp
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E.3 Usingthe NAIF Toolkit

After the installation has been completed successfully, there are a few things that you need to do
to get started using SPICELIB. We recommend that you print out the source code for the
cookbook programs ( ./naif/toolkit/src/cookbook/* .main’) and examine it. Try running some of
the cookbook programs yourself. The cookbook programs demonstrate how to use SPICELIB
routines to obtain state vectors, convert between different time representations, manipulate the
comments in binary SPK and CK files, and solve smple geometry problems.

Once you're ready to get your hands dirty, you should read the required reading files for
SPICELIB. The required reading files are located in the directory ./naif/toolkit/doc and have the
extension “.req”. They are text files that describe families of subroutines and how they interact
with the rest of SPICELIB.

The most important required reading files are: TIME, KERNEL, SPK, CK, SCLK, SPC, and
NAIF_IDS. You should read at least these.

After you' ve done these things, you're ready to start programming with SPICELIB!
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E.4 NAIF sFile Naming Conventions

NAIF follows a set of conventions for naming files based on the contents of the files. This allows
you to find certain typesof filesin a directory tree quickly. The following table lists the current
naming conventions.

* for, *.f Fortran-77 source code files

*.main Source code files for program modules

*.inc Fortran-77 include files

*.C C source code files

*.0 Unix object files

*.0bj VAX/VMS object files

*a Unix object library files

*.0lb VAX/VMS object library files

* tsp Transfer format SPK (ephemeris) files

*.bsp Binary format SPK (ephemeris) files

*.tc Transfer format CK (pointing) files

*.bc Binary format CK (pointing) files

* 1 Text IK (instrument parameters) files

* tls L eapseconds kernel files

*tpc Physical and cartographic constants kernel files
*.tsc Spacecraft clock coefficients kernel files

*.ixt Text format documentation files

*.ug Text format User’s Guides

*.reg Text format SPICELIB Required Reading files
make_toolkit.csh, Unix C shell script files for creating the toolkit object libraries
build_it.csh and executables

make_toolkit.sh,  Unix Bourne shell script files for creating the toolkit object
build_it.sh libraries and executables

(product name)

make_(product

Unix executable files. For example, spacit is the executable file
for the product spacit
VAX/VMS command procedures for creating products. For

name).com example, make_spicelib.comcreates the object library
spicelib.olb, while make_spacit.com creates the executable
spacit.exe.

(product VAX/VMS executable files. For example, spacit.exe is the

name).exe executable file for the product spacit.

These conventions are preliminary. As coordination with AMMOS and the Planetary Data
System (PDS) occurs, these conventions may be revised.
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Appendix F. Acronyms

AGU American Geophysical Union

AMMOS Advanced Multi-Mission Operations System

ANS| American National Standards Institute

ASCII American Standard Code for Information Interchange

BNF Backus-Naur Form

CCSDS Consultative Committee on Space Data Systems

CDROM Compact Disk Read-Only Medium

CD-WO Compact Disk “Write Once

CODMAC Committee on Data Management and Computation

CR/ILF Carriage Return/Line Feed (ASCII record delimiters)

DA Data Administrator

DAT Digita Audio Tape

DBA Database Administrator

DE Data Engineer

DIM Digital Image Model

DN Discipline Node

DTM Digital Terrain Model

DVD(ROM) Digital Video Disk (Read-Only Medium)

EBCDIC Extended Binary Coded Decimal Interchange Code

ECR Engineering Change Request

EDR Experiment Data Records

ET Ephemeris Time

GIF Graphics Interface Format

GSFC Goddard Space Flight Center (Greenbelt, Maryland)

HTML Hyper-Text Markup Language

IAU International Astronomical Union

IDS Inter-Disciplinary Scientist

IRTM Infrared Thermal Mapper

1SO International Standards Organization

JD Julian Date

JPL Jet Propulsion Laboratory (Pasadena, California)

LSB Least Significant Byte (or Bit) first

MSB Most Significant Byte (or Bit) first

NAIF Navigation and Ancillary Information Facility

NASA National Aeronautics and Space Administration

NBS National Bureau of Standards (now NIST)

NIST National Bureau of Standards and Technology (formerly
NBYS)

NSI/DECNET NASA Science Internet/DEC Network

NSSDC National Space Science Data Center

ODL Object Description Language
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PCWG
PDS
PI
PNG
PSDD
PVL
RPIF
SEDR
SFDU
SGML
Sl

SIS
SPICE
SoL
UDF
URL
uTC
WORM
XAR

Appendix F. Acronyms

Planetary Cartography Working Group
Planetary Data System

Principal Investigator

Portable Network Graphics

Planetary Science Data Dictionary

Parameter Vaue Language

Regional Planetary Image Facility
Supplementary Experimental Data Record
Standard Formatted Data Unit

Standard Generalized Markup Language
Systeme Internationale d’ Unite— (International Standard for
Units)

System Interface Specification

Spacecraft, Planet, Instrument C-Matrix Events
Structured Query Language

Universal Disc Format

Uniform Resource Locator

Universal Time, Coordinated

Write Once, Read Many (optical disk)
Extended Attribute Record
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Appendix G. SAVED Data

In rare cases data will be encountered in the PDS archive which are classified as having
ARCHIVE_STATUS = SAVED. These data are being preserved in a primitive form either
pending the production of an archive-quality product, or as part of a save-the-bits campaign for a
defunct mission or project. In these cases the available information has been preserved in as
close an approximation of PDS archive format as possible. Following is a description of the
criteria applied to datasets considered for safing, and the PDS procedures applied during the
process. It is provided here for information only — saved datasets are not considered acceptable
for the purposes of meeting PDS archiving requirements.

G.1  Safekeeping Process and Procedures

The decision to save a dataset will normally be made by the discipline node after discussion with
the data provider. The decision may also be made by a data engineer at the Central Node after
discussion with both the data provider and the most relevant discipline node(s). Preservation
should take place according to the following procedures

1. Thedetails of every dataset to be saved will be discussed in a conference, such as atelecon
or iteration of e-mail messages, among the data provider, the representatives of the relevant
discipline node(s), and a data engineer from Central Node. This discussion will address:

a. The characteristics of the data to be preserved

b. The reasons for preserving rather than archiving the data

c. The timetable for producing an archival product from the preserved data
d. The proposed unique VOLUME_ID for the product

e. The extent of the additional information to be included

2. The conclusions of the decision-making conference will be summarized by the data engineer
and distributed to all participants.

3. Thedataset will normally be prepared and delivered by the data provider according to the
agreed content and format.

4. The data engineer at the Central Node will ensure that the product is incorporated into the
Distributed Inventory System (DIYS).

G.2 Safekeeping Standards

The following items are desirable for any preserved dataset. Some are required, as noted.

1. VOLUME_ID —ThisID isrequired for every preserved product, must be unique within PDS,
and must conform to the volume naming standards of PDS.
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6.

7.

Appendix G. SAVED Data

DIS.LBL — This labd file isrequired for every preserved product and must conform to the
PDS labeling standards.

AAREADME.TXT — This file describes the directory structure and the content of the
volume. It also includes contact information for the original source of the data.

INDEX.TXT — This file is used if the individual data files do not have PDS labels. It consists
of free format text and is aless rigorous version of INDEX.TAB.

Minimal labels— Individual files should be labeled with “minimal labels’ as described in
Section 5.2.3.

Document directory — This directory is optional but al files must have minimal labels.

Software directory — This directory is optional but all files must have minimal labels

Items 1 and 2 are absolutely required for all preserved datasets. Items 3 through 5, though not
required, are strongly recommended for every preserved dataset. Items 6 and 7 are strongly
recommended where appropriate.
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Appendix H. PDS Data Group Definitions

This section provides an dphabeticd reference of gpproved PDS data group definitions used inlabding
data objects. The definitions include descriptions, lists of required and optiona keywords, and one or
more examples of specific groups. For amore detailed discussion on data groups, see the Data
Objects/ Groups chapter in this document.

Data group definitions are refined and augmented from time to time, as user community needs arise, 0
object definitions for products designed under older versions of the Standards may differ sgnificantly.
To check the current state of any object or group definition, consult a PDS data engineer or either of
these URLS.

PDS Catalog Search:  http://pdspr oto.j pl.nasa.gov/onlinecatal og/top.cfm

DataDictionary Search: http://pdsproto.jpl.nasa.gov/ddcolstdval/newdd/top.cfm

The examples provided in this Appendix are based on both existing and planned PDS archive products,
modified to reflect the current version of the PDS Standards. Additiond examples may be obtained by
contacting a PDS Data Enginesr.

NOTE: Any keywordsin the Planetary Science Data Dictionary may aso be included in a specific
data group definition.
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H.1 PARAMETERS

The PARAMETERS group provides a mechanism for grouping multiple sets of related parameters
within adata product labdl. An dias, PARMS, exigts for the PARAMETERS group.

See Chapter 13 of the Standards Reference for a complete description of GROUPs,

H.1.1 Required Keywords

None

H.1.2 Optional Keywords

1. psdd

H.1.3 Example

Thefollowing labd fragment shows the PARAMETERS group:

GROUP = COWMANDED | NST_PARAVETERS
SHUTTER MODE = "BOTSI M

FI LTER_NUMVBER =5

FI LTER_NAME = "L570- R570"
EXPCSURE_DURATI ON = 1.05

END_OBJECT = COVMANDED | NST_PARANETERS
GROUP = TELEMETRY_| NST_PARAVETERS
SHUTTER_MODE = "AUTO'

FI LTER_NUMVBER =0

FI LTER_NAME = "CLEAR'

EXPCSURE._DURATI ON = 0.773

END_OBJECT = TELEMETRY_| NST_PARAVETERS
GROUP = TELEMETRY_PARMB
SHUTTER_MODE = " AUTO!

FI LTER_NUVBER =0

FI LTER_NAME = "CLEAR'

EXPCSURE._DURATI ON = 0.773

END_CBJECT TELEMETRY_PARNVB

H-3
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